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Abstract

We study persuasion when a sender communicates through reviewers whose private
reporting types map states into signals. The sender garbles information by managing
the distribution of these reviewer mappings. When the receiver observes only a coarse
statistic of this distribution, the sender can secretly substitute reviewer types within an
observational cell. Observability of implementation therefore becomes a commitment
problem. This mapping-management perspective structurally characterizes partial
commitment and its effect on persuasion. The sender can commit to an information
structure only if it lies in the convex hull of the cellwise mappings selected by its
own value vector. This characterization turns partial commitment into a geometric
admissibility constraint on the sender’s strategies. The constraint impairs persuasion
by forcing the sender to choose a suboptimal admissible strategy, or by making the
standard-persuasion optimum admissible only at a discounted value. For policy design,
the framework indicates which reviewer types should be observable for given objectives,

including robustness, rather than treating full transparency as the only benchmark.
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1 Introduction

In the conventional Bayesian persuasion framework, the sender (she/her) designs an infor-
mation structure as a mapping from states into signals delivered to the receiver (he/him).
This abstraction makes the persuasion problem tractable but leaves open how the infor-
mation structure is implemented in many real-world persuasion practices. Firms rely on
testimonials and rating systems. Political campaigns and advocacy groups rely on support-
ers, commentators, and local messengers. To make persuasion less costly, the sender reduces
direct interaction with receivers; to make the signal more credible, the sender delegates in-
formation transmission to third parties. In these cases, the sender does not speak to the

receiver directly. Persuasion is implemented through a population of reviewers.

This paper studies persuasion through such reviewers. Depending on their background,
experience, and preferences, reviewers may interpret the same objective evidence or product
quality in different ways. As a reduced-form persuasion technology, we model heterogeneous
reviewers as non-strategic reporting types. Technically, each reviewer type is a deterministic
mapping from states to signals. For the receiver who randomly encounters reviewers,' these
mappings are rarely transparent. A consumer reading a product review or a Reddit comment
usually does not know the reviewer’s full history, private preference, ideology, or incentive
that determines the reporting rule. Even platforms that label some reviews as “verified” do
not fully reveal the reviewer’s information or reporting type. By changing the composition
of reviewer types, the sender can influence the receiver’s belief about the mapping rule
associated with the signal he observes. When the receiver fully observes this distribution,
the sender can replicate the outcome of any standard persuasion problem in this indirect

persuasion environment, as long as the reviewer type space is rich enough (Lemma 1).

IThe receiver may read one review, a few reviews, or an aggregate rating. In the model, we consider
the baseline case where the receiver randomly meets one reviewer. Allowing the receiver to observe several
reviews would enlarge the signal space, but it would not remove the underlying issue of partial observability
and the mechanism of persuading through reviewers under this friction.



However, this theoretical equivalence is only a benchmark. The central difficulty is that
the receiver usually observes only coarse information about the review process, not the full
reviewer distribution. Some platforms, such as TripAdvisor, Yelp, and Google, have histor-
ically allowed broad participation in posting reviews, making it difficult for users to infer
the reviewer base. Other platforms, such as Expedia and Amazon, restrict reviews to veri-
fied transactions or attach verified-purchase labels. Such verification refines the observable
reviewer types and may exclude some fake reviews, but does not identify the preferences
or reporting rules of genuine reviewers. A verified purchaser can be optimistic or skeptical,
experienced or inexperienced, ideologically aligned, or hostile. These differences can change
how the same product quality is translated into a signal. In this case, the observable statistic

remains coarse.

The sender’s ability to secretly manage the reviewer distribution then creates a com-
mitment problem. If the receiver observes only a coarse statistic of this distribution, the
sender can secretly adjust the reviewer composition within an unobserved pool. Fixing the
receiver’s action rule, the sender would like to shift mass toward reviewer types that send
signals favorable to her objective. Delegating signal delivery to reviewers can prevent the
sender from withholding a realized signal, but it does not make her commit to the distribu-
tion of technologies that generate signals. Review manipulation is empirically documented
in online platforms (Mayzlin et al., 2014; Luca and Zervas, 2016). At the same time, review
systems remain effectively persuasive and economically important, as empirically supported
by online book sales and restaurant revenue (Chevalier and Mayzlin, 2006; Luca, 2016).
How can review systems remain persuasive even when reviewer composition is partially ob-
servable and thus manipulable? More structurally, how does partial observability of the

reviewer distribution shape persuasion?

Our paper contributes by making this commitment problem structural to characterize
how it shapes standard persuasion, where the sender’s payoff is state independent. Abstract

information-structure representation is mathematically useful in persuasion problems but



comes at the cost of its connection to how messages are generated and conveyed in practice.
This makes it difficult not only to justify the commitment assumption (Kamenica et al., 2021;
Deb et al., 2026), but also to analyze how relaxing that assumption changes persuasion. By
capturing the specific but common scenario of persuading through reviewers, we change
the perspective of standard persuasion from mapping design to mapping management. The
sender does not directly design a stochastic mapping. She manages a distribution over
deterministic mappings that represent reviewer types. An observability structure determines
which mappings the receiver can distinguish and which mappings are pooled. Conditional
on the observable statistic, the sender faces a fiber of reviewer distributions within which
deviations are hidden. Imperfect commitment therefore becomes an endogenous constraint

on the feasible set of effective information structures.

Partial observability modifies the purely sequential structure of a standard persuasion
game. We use a reduced representation that separates the sender’s choice into an observable
component and a hidden within-fiber component. First, the sender chooses the observable
statistic of the reviewer distribution. This statistic defines a fiber of reviewer distributions
that remain hidden from the receiver. Second, conditional on this statistic, the sender’s
hidden within-fiber distribution and the receiver’s action rule are chosen simultaneously in
the reduced continuation game. This perspective is related to Lin and Liu (2024), who study
credible persuasion when the receiver observes the final message distribution. Because the
coarse statistic that the receiver observes need not pin down the final signal distribution, a

commitment problem persists even when the sender’s payoff is state independent.

In the static continuation game, the sender’s problem is a linear program over a poly-
hedral constraint. Pure-strategy equilibria select extreme points or faces of the fiber, where
dominated mappings are eliminated from the support of the reviewer distribution (Lemma
2). This endogenous mapping selection yields a tractable geometry (Proposition 1). We
define the concept of admissibility through equilibrium in this continuation game. An

information structure is admissible if and only if it lies in the convex hull generated by



the reviewer mappings that its own induced value vector selects as sender-optimal within
each observational cell (Theorems 1 and 2). Thus, the sender’s value function plays two
roles. It is the objective in the persuasion problem and it also selects the constraint set that
determines whether the intended information structure can be implemented. A mismatch

between these two roles invalidates the sender’s commitment to the information structure.

This framework nests several benchmarks. Full observability of the reviewer distribution
collapses each fiber to a singleton and restores the standard persuasion benchmark (Corollary
2). Message-distribution observability, as in Lin and Liu (2024), which can be reproduced
by extending the observability statistic beyond the baseline partition of reviewer mappings,
is another case where full commitment applies under the sender’s state-independent payoft.
When the observable statistic is the final signal distribution, the sender’s state-independent
payoff is constant on the fiber. Since this fiber coincides with the sender’s indifference set,
credibility is nonrestrictive. At the opposite end, uninformative communication (cheap talk)
is robust regarding admissibility as long as it is within the fiber, because all signals induce the
same posterior belief and the sender has no incentive to change their composition. Between
these cases, partial observability creates a nontrivial admissible region. In the binary case,
the characterization reduces to a simple wedge condition, showing exactly when the full-

commitment benchmark is ruled out and how the sender optimally adjusts (Proposition

2).

We treat mixed-strategy equilibria as a residual source of admissibility. Whenever a
pure-strategy equilibrium exists on a fiber, pure admissibility is the only relevant imple-
mentation notion. If there is no pure-strategy equilibrium, a receiver mixture can neutralize
the sender’s incentive to move among hidden mappings (Theorem 3). This enlarges the
selected face of the fiber (Corollary 1), giving rise to expected admissibility. However,
the remedy comes with a price. The receiver’s strategy mixture that neutralizes the sender’s
hidden deviation generally discounts the sender’s expected payoff (Corollary 3). If pure ad-

missibility rules out the full-commitment benchmark, the information cost is unavoidable.



Even if the receiver’s mixed strategy can restore expected admissibility for the benchmark

information structure, it does not restore the benchmark persuasion effectiveness.

An important implication is that imperfect commitment need not cause persuasion to
collapse. Different observability structures generate different commitment constraints and,
therefore, different persuasion outcomes. This helps reconcile the motivating puzzle and
explain why review and rating systems can be both manipulable and effective. The pol-
icy implication is also different from a simple “more disclosure is always better” principle.
Disclosing additional reviewer mappings can be costly and may not strictly improve the
sender’s expected payoff. What matters is not only how many reviewer categories are ob-
served, but which mappings are identifiable. A policy designer should identify which pooled
mappings threaten admissibility and which pools can be safely tolerated before refining the

observability structure.

We adopt this spirit to study the policy design for robust admissibility. A platform,
regulator, or certifier often influences the observability structure before knowing the partic-
ular persuasion problem that will arise. The policy question is therefore which observability
structures make admissibility robust across different persuasion problems. Full observability
is trivially sufficient for this robustness, but often impossible or too costly. We show that
a proper subset of reviewer types can be sufficient to recover full admissibility up to signal
relabeling (Theorem 4). In the binary case, even coarser observability can be enough when
either the target experiment or the sender’s value ranking is known (Proposition 3). We also
extend this robustness discussion to the persuasion stage. In standard persuasion, once the
experiment is known, the sender’s prior is irrelevant to the receiver. However, under partial
observability, the sender’s prior helps the receiver infer which hidden mapping the sender
prefers in the static continuation game. We characterize observability structures that are

robust to private sender priors (Theorem 5).

The rest of the paper proceeds as follows. Section 2 discusses related literature. Sections

3 and 4 introduce the model and the deterministic-mapping representation of information



structures as the analytical framework. Section 5 characterizes pure admissibility based
on pure-strategy equilibria in the continuation game and studies its effect on persuasion
outcomes. Section 6 introduces expected admissibility through mixed-strategy equilibria in
the continuation game. Section 7 analyzes robust observability structures and policy design.

Section 8 concludes.

2 Related Literature

This paper is closest to Lin and Liu (2024) and Deb et al. (2026). Lin and Liu introduce
credible persuasion when the receiver observes the final distribution of messages but not
the full information structure. Our paper studies a different observability primitive. The
receiver observes a coarse statistic of the implementation technology, but not necessarily the
final signal distribution. This distinction matters most sharply when the sender’s payoff is
state independent. With this state-independent payoff, our framework can mathematically
accommodate Lin and Liu’s model, where the observable statistic is specialized to the final
message distribution, and the fiber coincides with the sender’s indifference set.? The non-
trivial commitment problem appears only away from that special observability statistic. The
distinction in observable primitives, therefore, leads to different findings and complementary

applications.

Deb et al. (2026) study an indirect persuasion environment where an uninformed prin-
cipal persuades a receiver through a strategic informed agent. They reinterpret the com-
mitment to information structures as the commitment to employment contracts and show
that, under their separability assumptions, commitment to contracts can implement the
same outcome as the full-commitment persuasion benchmark. Our paper essentially takes
the opposite perspective. Rather than justifying full commitment, we take the implementa-

tion technologies and their observability structure as primitives and ask which information

2See Corollary 4 in the Appendix for detailed discussions.



structures remain admissible under partial commitment.

A broader literature studies the commitment assumption in persuasion. Early opti-
mal disclosure and persuasion models, including Rayo and Segal (2010) and Kamenica and
Gentzkow (2011), take commitment to an information structure as the key exogenously as-
sumed primitive. Subsequent work asks when this assumption can be justified, discharged, or
reinterpreted. Lipnowski and Ravid (2020) show that informative communication can arise
without commitment when the sender degrades self-serving information. Kamenica and Lin
(2025) relate the value of commitment to the value of randomization. Verifiable-information
models, including Titova and Zhang (2025), Arieli and Stewart (2025), and Shishkin et al.
(2026), examine when hard evidence or uncertainty about the sender’s evidence can sub-
stitute for commitment. Dynamic and reputational approaches, including Margaria and
Smolin (2018), Fudenberg et al. (2022), Pei (2023), Best and Quigley (2024), Mathevet
et al. (2024), and Kuvalekar et al. (2022), study how repeated interaction, reputation, or

relational incentives can support commitment-like payoffs.

Another branch imposes partial commitment through explicit frictions. Papers in this
branch can be organized along two dimensions: whether the friction is external or intrinsic to
the information process, and whether the commitment problem appears at signal generation
or signal delivery. Min (2021) and Lipnowski et al. (2022) assume that commitment may
fail with an exogenous probability. Guo and Shmaya (2021) model the commitment power
through the cost of forecast miscalibration. Zhou (2023) studies costly verification when
the sender can choose both an exposed and a hidden communication plan, and the receiver
can pay to verify which plan is used. Nguyen and Tan (2021), Ederer and Min (2025), and
Kreutzkamp and Lou (2025) study ex post signal-delivery problems in which the sender
can misreport a realized signal subject to costs, detection, or credibility constraints. Perez-
Richet and Skreta (2022) allow falsification of test inputs, moving the friction to the signal-
generation side. Jiang (2024) studies a private sequential evidence acquisition, where the

sender cannot commit to how much evidence she acquires or fully disclose the acquired



signal history. Lou (2023), Dai et al. (2026), and Antic and Pei (2026) study selective
disclosure and data truncation, where the sender can hide or selectively reveal realized
evidence. We emphasize the environment where the sender can secretly change the ex
ante composition of the reviewer mappings that generate signals. Partial commitment is
therefore an intrinsic moral-hazard problem created by implementation observability at the
signal generation stage. Compared to previous studies in this branch, our paper occupies
a cell in the two-dimensional classification that differs from each of them in at least one

dimension.

The mechanism of our paper is related to three topics in persuasion: hidden dimensions
of information, indirect persuasion, and coarse communication. Libgober (2022) analyzes
multidimensional experiments in which some dimensions of the experimental process are
hidden, while Celik and Drugov (2025) study score disclosure when aggregate scores rather
than full attributes are revealed. They agree that the observability of the information-
generating process matters, but ask different questions than we do. Papers on mediated or
indirect persuasion, including Kosenko (2020), Bizzotto et al. (2022), Arieli et al. (2022),
Corrao and Dai (2024), and Lagziel and Lehrer (2025), typically feature strategic interme-
diaries and mediators whose incentives directly constrain communication. In contrast, our
reviewers are nonstrategic mapping types. This removes the intermediary-incentive problem
and isolates a different source of commitment failure connected to an endogenous coarseness
constraint on mappings. Finally, papers on constrained or coarse persuasion often impose
coarseness directly on the mapping from states to messages through the message space,
channel, or communication technology (Le Treust and Tomala, 2019; Gradwohl et al., 2022;
Aybas and Turkel, 2025; Lyu et al., 2025). In our model, coarseness is endogenously in-
duced by the partial observability of reviewer mappings. It is therefore structural rather
than purely cardinal. Different observability partitions with the same number of cells can
generate different sets of admissible information structures, depending on which mappings

are pooled and on the persuasion problem.



Our policy discussion connects to robust persuasion. Robust persuasion papers typically
ask which information structures protect the sender against the worst-case primitive in the
game, including the receiver’s belief, utility, and private information (Hu and Weng, 2018;
Dworczak and Pavan, 2022; Kosterina, 2022; Babichenko et al., 2022). Our robustness in-
quiry is different. We ask which observability structures make admissibility robust as the
persuasion problem varies. Furthermore, we consider the sender’s prior belief as an unknown
primitive for the receiver. This discussion arises only when robustness concerns meet partial
commitment, where the receiver must infer which hidden mapping the sender would prefer
based on her prior belief. Also related to our policy discussion, Vong (2025) shows in a dy-
namic reputation model that full transparency of output histories can undermine efficiency,
while coarse ratings can virtually implement efficient effort. This complements our policy

message that full observability is not always the right benchmark.

3 Model

As in conventional direct Bayesian persuasion problems, in this model there is a sender
(she, her) and a receiver (he, him). There is a finite set of possible states w € Q. The
receiver chooses the action a € A, which determines his payoff, u : @ x A — R, together
with the actual state. This action solely determines the sender’s payoff v : A — R. The
sender and the receiver have prior beliefs in the actual state p; € A(Q2) and p, € int(A(2)),
respectively. Since the receiver is uncertain about the actual state, his optimal action is
based on his belief. Let S = {s1,...,s,} be a finite signal set. The sender wants to send
signals using an information structure Il = (7(- | w))weq € A(S)%, where 7(s | w) is the
probability of signal s in state w. By Bayes’ rule, the realized signal can induce the receiver
to choose the action that the sender desires. However, the signal needs to be sent through

reviewers.

Reviewers, with total mass normalized to 1, are informed of the true state. They may
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have different opinions on the same issue. For example, different customers may have
different preferences about the color of an iPhone. Reflecting this fact, reviewers in our
model non-strategically and deterministically interpret the state they observe as different
signals. Let © denote the reviewer-type set. v : © x ) — § captures this interpretation.
Each reviewer type € induces a deterministic mapping 2 — & summarized by matrix Iy,
where (Ilp);; = 1{s; = v(8,w;)}. A reviewer distribution A € A(©) induces the effective
experiment II(A) := >, o A(0)Iy. Since these mappings representing the reviewer type are
deterministic, there are no more than n™ types of reviewer in a problem with |Q] = n and

|S| = n.

The sender designs the distribution over reviewer types A € A(©). Once the choice is
made, a reviewer is randomly drawn according to this distribution, meets the receiver, and
passes the signal to him. The receiver does not observe the type of reviewer that delivers
the signal, but can observe certain statistics of the reviewer distribution, z = T'\, where
T € {0,1}5%1® and 1T = 1‘T9|. The structure of the matrix 7" imposes a partition of the
reviewer-type set © into observational cells, © := {§ € © : Tyy = 1},k = 1,...,B, so
the receiver only observes z;, = >, A(f), k = 1,..., B. Once the receiver receives the
signal, he updates his prior belief to his posterior belief ¢, € A(£2), based on his observation
of z and Bayes’ rule. All primitives and rules in the game, unless specified, are common

knowledge.

The persuasion game starts with Nature randomly choosing the true state w* € ()
according to the objective state draw p, € A(Q2) and informs the reviewers privately. The
beliefs p, and p, are the sender’s and receiver’s subjective beliefs about this state. They
may differ from py. The sender then chooses the optimal reviewer distribution A* based on

her belief pq,

A" € arg max Z Z A(0)ps(w)v <a* (7(9,w),TA)> (1)

AeA(©
€Al )OEGwEQ
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in anticipation of the receiver’s best response a*(-) to the signal he receives from the
reviewer. After the sender chooses A, the receiver observes z = T'\; then a reviewer # € ©
is randomly drawn according to A, after which the receiver observes s delivered by this

reviewer.

Upon observing the statistic z about the sender’s choice of reviewer distribution A, the
receiver infers (by equilibrium reasoning) that the sender chose the (generically unique)

within-fiber optimizer,

Ny g max %Z;A ps(w)o(a* (1(0,0), 2) ). (2)

Based on this information about Afz) and the signal s he observes, the receiver updates

his belief about the state by Bayes’ rule and chooses his action a*(s, z),

a(s,2) € argmax » | g,(w | 5, 2)u(w, a), (3)

weN

where

Zeee 1 [3 = (0, W)]pr(“})/\?z) (0)
Zw/eﬂ ZQE@ 1 [3 = 7(9: w/)]pr(w/) ?Z)(e).

qr(wls, z) =

When a pure receiver best response must be selected from a non-singleton best-response
set, we use a fixed sender-favorable selection, with arbitrary but fixed tie-breaking among
sender-equivalent actions. The mixed-admissibility section separately allows the receiver to
randomize over best-response action rules.® Equivalently, a*(-, z) is an action rule in AS. In

later sections, we denote generic action rules by a.

Finally, the payoffs for both the sender and the receiver are realized on the basis of

3To avoid zero-probability signals and ensure that the denominator of g,.(w|s, 2) is always positive, assume
that after choosing the intended signal (6, w), a reviewer trembles with an € > 0 chance and instead sends
a signal drawn from a full-support distribution within int(A(S)). We assume that ¢ — 0 and define
posterior using Bayes’ rule in the e—perturbed game. Since payoffs are bounded, we can understand that
this perturbation does not affect the sender’s objective.

12



the true state and the receiver’s action. Since the receiver observes z = TA but not A,
the original extensive form has imperfect information. After observing z, the receiver’s
information set contains all reviewer distributions A such that TA = z.* Rather than
working directly with beliefs at every information set, we use a reduced representation that
separates the observable and hidden components of the sender’s choice. The sender first
chooses the observable statistic z. Conditional on z, the sender chooses a hidden reviewer
distribution satisfying TA = z, while the receiver chooses an action rule based on the
information structure he expects. This continuation interaction is a de facto static game
induced by z. We analyze subgame-perfect equilibrium of the reduced z-stage game, where
Nash equilibrium is the relevant solution concept for each fiber continuation game. The

next section defines this continuation game formally and uses it to define admissibility.

4 Framework

The direct Bayesian persuasion problem has been well studied. In this paper, we modify
the signal-delivery mechanism to give a concrete microfoundation for the signal-generating
process. In particular, randomization that is implemented directly through an information
structure II € A(S)® in standard Bayesian persuasion is implemented here through the
sender’s design of a reviewer distribution A € A(©) based on reviewers’ deterministic inter-
pretations 7 : © x Q — S. If, for a given reviewer set, every direct information structure can
be generated by some reviewer distribution, then persuasion through reviewers and direct
persuasion are equivalent. This equivalence gives a clean benchmark framework. It lets us
attribute key abstract concepts in persuasion, such as information structures and the com-
mitment assumption, to reviewer availability and observability and isolate which constraints

on them are responsible for departures from the standard direct-persuasion frontier.

4In the original extensive form, the natural background solution concept is perfect Bayesian equilibrium,
because the receiver must form beliefs over hidden reviewer distributions after observing z.
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Fix [Q] =|S| =n < co. Let
P=AS)"~{leRP™:1,11=1]}

denote the set of all n x n column-stochastic matrices II, where rows are indexed by signals

and columns by states, so II;; = m(s;|w;).

Lemma 1 (Benchmark framework). Suppose © contains all deterministic mappings (6, -) :
Q — S and so |©| = n™. Then for every information structure Il € P there exists A € A(O)
such that for all s € S and w € €,

(s [ w) =Y AO)1{s = v(6,w)}.

0cO

According to Kamenica and Gentzkow (2011), with full commitment, the optimal direct
information structure uses at most n signals when there are n states. This justifies our
baseline n-by-n II—space P, which is rich enough for frictionless direct persuasion, where full
commitment is assumed and all information structures in this space are feasible. Lemma 1
implies that P is a polytope whose extreme points are exactly the n™ deterministic response
matrices {0,1}"*" induced by reviewer types. This formalizes each effective information
structure as a distribution over a subset of these n™ reviewer types. Throughout the paper,
we take this “full reviewer space” as the baseline framework and study how the reviewer

base and the observability structure restrict the attainable set.

A key difference between direct persuasion and indirect persuasion through reviewers is
signal labeling. In persuasion through reviewers, signal labels are exogenously pinned down
by the fixed reviewer base. Each type 6 implements a fixed mapping (0, -), connecting
the state to these exogenous labels. As a result, different II are different objects in P

once constraints on reviewer availability and observability are imposed. In contrast, from

14



the perspective of direct persuasion, where only persuasion outcomes and the associated
posteriors matter, these labels are merely names because row permutations of Il are outcome-

equivalent.

Because labels are fixed in indirect persuasion, the full reviewer space P contains many
isomorphic copies of the same persuasion outcomes. To connect indirect persuasion back
to the direct benchmark, it is useful to group these isomorphic copies. Formally, let 3 be
the set of permutations of {1,...,n} and define the relabeling operator (oll);; = II,-1(; ;.
Then IT and oIl generate the same persuasion outcome. This analysis approach motivates

the focus on a subspace of P formed by representatives from each relabeling class.

Definition 1. A set D C P is a fundamental region if for every Il € P there exist a
permutation o € ¥ and Il € D such that IT = oIl. It is proper if, for ILTI' € D, 11 = oIl

implies I1 = I, up to measure-zero tie cases.

Proper fundamental regions are defined by how signals are labeled based on certain
orderings. In alignment with the persuasion problem, the economically meaningful order
is about how signals move the receiver’s belief. Consistent with II = {7 (s;|w;)}, we index
signals by ¢ € {1,...,n} and states by j € {1,...,n}. Fix a strictly increasing scalar
statistic m(w;). Without loss of generality, let m(w;) = j. Given the receiver’s prior belief

pr € int(A(€)), define the scalar posterior mean associated with the signal s; in experiment

II as

m(si | wj)pr(w;)

ﬁ(Si;H):ZJ Yoroa (i | we)pr(we)

Definition 2. For a permutation o € ¥, a canonical region C, is a set of Il € P such that
P(501); II) > P(So(2); ) > -+ > P(Somy; 1), with strict inequalities holding in the interior
and ties occurring only on measure-zero boundaries. Each C, is a proper fundamental region

up to the boundaries.
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Consider a binary case where n = 2, characterizing whether a product potentially has a
feature (wy) or not (wy), and two signals represent recommendations to buy it (s1) or not
(s2). The sender can fully manipulate the effective information structure if there are four

reviewer types defined by four deterministic maps (0, -) and, specifically,

91 W1 — 81, W — So
92 LW — 82, Wo — S1
632 w1 — S1, W — S1

642 W1 —> S9, W — So.

Reviewers {61,605} can be interpreted as previous customers who have different opinions
on this feature of the product: one thinks that it is a fantastic design, but the other believes
that it is a redundancy that causes the price to be unnecessarily high. {05,604} are just
those reviewers who are “yes-men” saying good to everything and who are picky enough to
leave bad reviews for the product regardless. These types capture common heterogeneity
in real-world review populations. With this demography, the seller who launches a new
product, for example, can easily manipulate the trial review if she can fully manage whom

her samples are distributed to during the testing phase.’

To represent the full reviewer space, construct a two-dimensional square space with
horizontal axis m(se|w;) € [0,1] and vertical axis m(saws) € [0,1]. Canonical regions,
defined as two halves demarcated by the 45-degree line, are naturally fundamental regions.
Swapping the two signal labels (equivalently, permuting the two rows of II) sends the point
(7(s2|wy), T(s2]ws)) = (71, m2) above the 45-degree line to (7(sa|wy), m(s2|lws)) = (1 —m1, 1 —
m) below the 45-degree line, and this relabeling preserves the persuasion outcome. This
equivalence can matter in indirect persuasion when the reviewer base makes one labeling
feasible but the other infeasible. For example, if there are many reviewers who, for some

reason, such as to preserve exclusivity, do not recommend a product when it has a good

5This practice can continue even into the regular product selling phase, as long as the seller can decide
who her product is sold to, but this may incur costs in sales due to customer selection.
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feature, but those reviewers who recommend when observing this feature are limited, the
sender can instead use “not recommending” as a signal of a good feature. As long as
consumers can observe the reviewer distribution, this substitution has the same effect on

the persuasion outcome.

As shown in the binary example, the full reviewer space defined in Lemma 1 contains
many isomorphic spaces that are redundant for persuasion outcomes. We nevertheless need
this full space as the baseline framework, because the spaces we later use as canvases for
analysis, especially those pinned down by given constraints, must be supported by a fixed
reviewer base, and some of them cannot be embedded inside any smaller polytope with fewer
than the full n” deterministic vertices. In the binary case, a proper fundamental region can
be any half of the square that selects one representative from each point-reflection pair
about (1/2,1/2), but a fixed three-type reviewer base cannot support a space covering an

arbitrary proper fundamental region.®

5 Partial Observability and Pure Admissibility

In persuasion through reviewers, the sender’s problem is characterized by the set of attain-
able values and the set of reviewer distributions that attain them. The former is exogenously
determined by primitives. The latter depends endogenously on equilibrium when the re-
viewer distribution is only partially observable to the receiver. With partial observability,
the receiver does not observe A directly, but only the coarse statistic z = TA. Hence,
two reviewer distributions that generate the same z are observationally equivalent from the

receiver’s perspective even if they induce different effective information structures.

For a fixed z, the sender can still reallocate the reviewer distribution within the fiber
P(z) := {II(N) : A € A(2)}, where A(z) := {\ € A(O) : TA = z}, without changing any

primitive that the receiver observes directly. For this reason, the receiver’s partial observ-

6For example, take a fundamental region that equals a canonical region with one point removed, together
with the point-reflection of the removed point.

17



ability of the reviewer distribution changes the pure sequential structure of the standard
persuasion game. After the sender chooses the observable statistic z, the continuation prob-
lem is best understood as a de facto static game. In this game, the sender chooses the
actual and latent distribution A € A(z), while the receiver chooses an action rule a(-) that is
contingent on the realized signals and his inference from the induced information structure
II. In equilibrium, the de facto simultaneous moves A and a(-) are mutually dependent

according to (2) and (3).

In the continuation-game representation, the receiver’s strategy is an action rule, which
specifies an action after each possible signal. Therefore, the sender’s payoff induced by
the receiver’s best response to an expected information structure Il is summarized by an n-
dimensional value vector, with one entry for each signal. Under the pure-selection convention
in the model, when the receiver has multiple best responses after a signal, we use a fixed
sender-favorable selection, with arbitrary but fixed tie-breaking among sender-equivalent
actions. This selection defines an action rule o' : & — A conditional on the expected

information structure II, and therefore a selected sender value vector associated with II.

Because we work within canonical regions, we write this vector in canonical signal order.
If II € C,, define v(II) = (vi(I1), ..., v,(I)) " by v;(II) = v(a™(s())),i = 1,...,n. Thus,
the value vector attached to the original signal labels is ov(II), where (o0v); = v,-1(;). When
the candidate information structure is fixed, we write v for v(II). Conditional on this value
vector, if IT = Y, o A(0)IIy is located in the canonical region C,, the sender’s within-fiber

best-response is

NeEA
) 9co

arg max (ov)' (Z X(O)Hg) Ds- (4)

When the persuasion message is delivered by the reviewer, the commitment problem
arises only when the sender secretly deviates and uses another information structure to gen-
erate signals. In this sense, the pure strategy equilibrium in the de facto static continuation

game precisely connects the sender’s commitment to her incentive compatibility. We use
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this connection to define which information structure is admissible in a persuasion problem.

Definition 3 (Pure admissibility). Fiz an observability matriz T. An effective informa-
tion structure 11 is purely admissible if there exist a feasible observable statistic z, a
reviewer distribution \* € A(z), and an action rule o* € AS such that (\*,a*) is a
pure-strategy equilibrium of the de facto static continuation game on the fiber A(z), and
IT = (X) = Y peo A (0)ILg. Accordingly, a direct-persuasion outcome, summarized by the
induced posteriors and the value vector v, is purely admaissible in persuasion through

reviewers if it is induced by a purely admissible effective information structure.

Throughout this section, admissibility is defined in pure strategies. In persuasion, the
receiver cares about the ex post implementation of an effective information structure. A
mixed-strategy equilibrium may match the receiver’s inference and the sender’s actual choice
of information structure in expectation, while the mismatch can still occur in realization.
When a pure-strategy equilibrium exists on the fiber, we take it as the primary implementa-
tion notion. The next section studies the residual case in which no pure-strategy equilibrium
exists in a fiber, so that the receiver’s strategy mixture becomes relevant. Even in that case,
pure admissibility still indicates whether the persuasion problem is affected by commitment

issues.

Lemma 2. Let (A\*, ) be a pure-strateqy equilibrium of the de facto static continuation
game on the fiber A(z). Suppose II(A\*) € C,, and let v be the sender value vector induced
by a*. For each observational cell Oy, k = 1,...,B, if 0,0" € Oy satisfy both \*(0') > 0
and \*(0") > 0, then (ov) Iyps = (ov) Tlgnps = maxgeo, (ov) pps. Hence, whenever
the mazimizer within each observational cell is unique, each cell assigns positive mass to at

most one reviewer type in a pure-strateqy equilibrium.
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For a fixed value vector, any reviewer type that is strictly dominated within its observa-
tional cell cannot receive positive mass in a pure-strategy equilibrium. Lemma 2 therefore
connects the sender’s hidden-deviation incentive to the elimination of reviewer types. What
remains in each observational cell is the face generated by the sender-maximizing types in
that cell.” In this sense, Lemma 2 connects the commitment problem in persuasion through
reviewers to the constraint on reviewer availability. If a reviewer type has its contribution
to the sender’s objective that is strictly dominated by another type within the same obser-
vational cell, this type of reviewer and the corresponding mapping can be understood as
unavailable to the sender. This constraint can reduce the available mappings from n™ base-
line to B in the worst case under unique within-cell maximizers, and creates coarseness in
persuasion. But in contrast to many discussions of coarse persuasion, Lemma 2 emphasizes

that this reduction changes not only the cardinality, but also the structure of coarseness.

Since the value vector is arbitrarily given, Lemma 2 does not yet characterize admissibil-
ity. However, it is a key step that characterizes the support of the reviewer distribution with
regard to the relevance to an admissible information structure. In equilibrium, the receiver
correctly infers the reviewer distribution and chooses the action to connect this reviewer
distribution to the value vector. Once the value vector is determined in this way, Lemma 2

becomes a basis for establishing a geometric principle for testing admissibility.

Theorem 1. Fiz a persuasion problem and an observability matriz T with an observ-
ability structure {©,}2 . An effective information structure 11, located in the canonical
region C, and inducing the selected value vector v = v(II), is purely admissible if and

only if there exist weights z = (z1,...,z) € A({1,...,B}) and a set selection M7 (v) :=

"Pure strategy refers to the sender’s deterministic choice of reviewer distribution \. It does not require
singleton support within an observational cell when the sender is indifferent across the types in that cell.
The support is a face in general, and the singleton is its special case.
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arg maxgeo, (ov) ' Ugp, for each cell k such that

B
II = Z Zkﬁk,
k=1

where T1j, € co{lly : 0 € M7(v)}, meaning that it belongs to the convex hull generated by

representative faces of each observational cell selected by the value vector it induces.

Theorem 1 formalizes a way in which the commitment problem enters persuasion. It
is neither assumed away, nor does it collapse persuasion to cheap talk. Here, it becomes
an endogenous restriction on the information-structure space. Different observability struc-
tures correspond to different commitment structures, not by assumption, but through the
equilibrium determined by the value function. Instead of justifying commitment or solv-
ing the commitment problem, this perspective that connects to friction joins the discussion
of how different commitment structures affect the persuasion outcome, which according to
Theorem 1, is determined by admissibility. Because the admissibility is endogenous to the
value function and microfounded based on the reviewer distribution, this effect is contingent

on both the persuasion problem and the observability structure.

Corollary 1. Enlarging the within-cell tie sets weakly enlarges the purely admissible region.
In particular, if M7 (v) = Oy for every k, then every feasible effective information structure

in C, that induces the selected value vector v is purely admissible.

Corollary 1 formalizes a simple intuition. Partial observability of the reviewer distri-
bution creates the commitment problem only when hidden substitution of reviewer masses
changes the sender’s continuation payoff. If all reviewer types inside a cell are tied in con-
tributing to the sender’s objective, then deviations within that cell are payoff-irrelevant to

the sender, which nullifies the commitment friction. While this is a general corollary, v; = v,
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in the binary case is the most transparent example. If both signals realize the same payoft,
the sender loses the incentive to secretly substitute the reviewer distribution to increase the
probability of any of these signals. The same logic applies to the higher dimensional case

whenever (ov) " Tlyp, is constant within a cell.

The corollary also suggests how policy can improve strategy admissibility and thus per-
suasion effectiveness. Compared to ensuring the observability of certain parts of the reviewer
distribution, it may be easier to design contracts and transfers associated with signal real-
ization to neutralize the sender’s deviation incentive. To address the commitment problem
in persuasion in our indirect context, the idea of mechanism design can be a solution with
a slightly different approach, which aims at eliminating incentive incompatibility rather
than creating incentive compatibility. If regulation, methodology, or platform design com-
presses those payoff differences within an observational cell, hidden substitution becomes
less consequential. On the other hand, applying Theorem 1 to the two extreme observability

structures makes the value function less consequential.

Corollary 2. If TA = X so that T fully reveals A, then every direct-persuasion outcome s
purely admissible. If the observability structure is completely opaque, so that T'\ is constant
across all X\ € A(O), then every purely admissible effective information structure 11 € C,
must belong to the convex hull of the globally maximizing reviewer types,

0 {H@ 0 € arg max(aV(H))THQIpS}.

0'cO

In particular, suppose ps € int(A(QQ)). If every information structure that induces noncon-
stant posterior beliefs also induces a selected value vector with a unique highest component,

then every purely admissible outcome is equivalent to cheap talk under complete opacity.

Corollary 2 recovers the conventional benchmarks as the two boundary cases of the ob-

servability structure. With the receiver fully observing the reviewer distribution, no hidden
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substitution is possible, so the model returns to the standard persuasion benchmark with
commitment. With complete opacity, all reviewer types are pooled together. Any infor-
mative experiment with a unique highest-value signal gives the sender a profitable hidden
deviation to the reviewer type that always sends that signal. Therefore, when informative
experiments do not generate top-value ties, the completely opaque boundary leaves only
cheap-talk-equivalent outcomes.® Most literature focuses only on these boundary cases as
information environments, assuming either that commitment is imposed or absent. From a
broader perspective, our framework places them on the same continuum. This not only shifts
the perspective on commitment from an auxiliary assumption to an equilibrium consequence
of observability, but also provides a microfoundation for why markets with hidden reviewer
selection, such as ratings shopping, audit opinion shopping, or selective review disclosure,

exhibit intermediate commitment structures rather than the all-or-nothing distinction.

Beyond the anchors by Corollaries 1 and 2, the admissibility of the persuasion outcomes
returns to the consistency of the value function and the partition structure. In contrast
to standard persuasion, the value function here is not only an objective to select the best
strategy, but also selects the constraint that makes the strategy feasible. Only when these
selections match, as indicated by Theorem 1, is the selected strategy admissible. Using this
philosophy, we can perform a point-wise screen to determine the pure-admissibility of each
strategy within the whole space, and then optimize the sender’s objective on that feasible

region.

A point-wise screen to determine admissibility can be a computationally burdensome
algorithm, especially when the persuasion problem is high-dimensional. Lemma 2 suggests
a finite decomposition of the whole strategy space. Together with Theorem 1, they imply
the possibility of reducing the problem of finding the admissible region and the optimal

8Informative admissibility can survive under complete opacity only on top-value tie faces, where at least
two signals give the sender the same highest value. In that case, the convex hull of the maximizing mappings
can contain informative experiments. These cases are the complete-opacity analog of the tie expansion in
Corollary 1.
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persuasion strategy subject to this endogenous constraint.

Proposition 1. For a given observability structure {©y}2_, let &, := 2% \ {@} with G}
being an element of &y, and & = Hle &, with G = (G4, ...,Gpg) being an element of &.

The admissible region can be expressed as

Uy ({H € C, : (ov(Il) "Hyps > (ov(I)) 'yps, VO € Gy, VO € O, Vk}

Geboex
B
mCO{Hg 10 € U Gk}),
k=1

where v(IT) denotes the selected sender value vector induced by the receiver’s best response

to the expected information structure 11.

This decomposition anchors a convex hull, derives the associated admissible region, and
sums it over a finite number of possible convex hulls to obtain the entire admissible region.
In addition to a more tractable way to characterize the admissible region, Proposition 1
more importantly provides an algorithm to determine the optimal persuasion strategy. This
algorithm finds optimal strategies in different finite regimes (G, o) and compares them to
determine the global optimum. In comparison to the algorithm of mapping the purely
admissible region and then optimizing within it, this decomposition algorithm is better
suited to higher-dimensional environments, where one seeks the optimum, but does not

need the full admissible geometry.

The tractability and efficiency of this algorithm is based on finite comparisons among
optima in different regimes. Ties between reviewer types enlarge the family of regimes by re-
placing vertices with maximizing faces, but they do not destroy tractability. In applications,
the enumeration can often be cut down further by deleting reviewer types that are never

maximizers within the observational cell on a given canonical region. With specific value
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functions, the following stylized examples show how partial observability can impact the
persuasion outcome when n = 2. These binary examples use the perspective of Proposition
1 to explicitly characterize the admissible region and to efficiently identify the constrained

optimum.

Examples in the Binary Setting

In the setting with two states (2 = {w;,ws}) and two signals (S = {si,s2}) as set up in
Section 4, suppose that the receiver observes the proportions of type 6, and type 6 reviewers
separately, but observes only the total mass of the remaining two types of reviewers. Let
the selected value vector v be (v, U2)T, where v; denotes the value that the sender obtains
upon the realization of the signal that favors the state w;, + = 1,2. With these settings, the
general theorem then reduces to a one-dimensional comparison inside the observational cell
{603,0,}. The application of Proposition 1 helps construct a clean admissible region in the

strategy space.

Proposition 2. With binary states Q = {wy,ws} and the observability structure of {O }i_, =
{{61},{0}, {03,041}, a persuasion strategy (m(so|wr), m(s2|ws)) is purely admissible if and
only if either

T(sa|wr) = m(s2|w2),

or

>0 of m(s2|wi) <m(s2|ws)
(vg —wvy) (s | wy) + m(s2 | we) — 1} { , (5)
<0 of m(s2|wi)>m(s2|ws)

With Proposition 2, the sender’s problem is simplified to maximizing the objective

(V)T (X yeo AM(O)g)ps under the constraint, or geometrically, the wedge condition of (5).
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Given this simplified problem, the optimal persuasion strategy depends on the value function
characterized by v; as functions of (7(ss|wi), 7(s2|ws2)), i = 1,2. In the concrete case below,
we assume that the prior belief shared by the sender and the receiver is Pr(w = w;) = 0.4.
With binary states {wi, ws}, any belief can be fully summarized by the probability assigned
to wy. We therefore use ¢ to represent this scalar belief in our examples for simplicity. The
examples emphasize two different ways in which the same observability friction changes the
optimal persuasion strategy. In one case, the sender stays in the same regime and attenuates

the information structure; in the other case, the sender switches regimes altogether.

Communication Service (Piecewise Affine Value Function)

Consider a value function
15¢ — 2 if ¢ €[0,0.2]
—10g + 3 if ¢ €10.2,0.3]

5¢ — 1.5 if ¢ €0.3,0.7]

| —Fe+ % if ¢€[0.7,1]

This value function may capture a market in which user consumption affects the seller’s
cost, such as the rental market or the market for communications (internet and phone)
service. Users’ higher confidence in quality increases demand, but limited capacity makes
service provision costly beyond the optimal scale. However, sufficiently strong confidence
justifies the user’s choice of upgrading to a premium service, which allows the sender to
upgrade the capacity to earn higher profit. The resulting sender payoff is therefore non-

concave and has two local peaks, as shown in Panel (a) of Figure 1.

Under full observability where O, = {0} for k = 1,2,3,4, the benchmark persuasion
strategy is (m(sa|w ), T(s2|w2)) = (0.3,0.8) and, after signal relabeling, (7(s2|wy), m(sa|ws)) =
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Figure 1: Example 1: Piecewise Affine Value Function

(0.7,0.2). This strategy potentially generates posterior beliefs ¢ = 0.2 and ¢ = 0.7, associ-
ated with the value vy = 1 and v; = 2, respectively. Since Pr(w = w;) = 0.4, the sender’s
expected payoff is 0.6 x 14+0.4 x2 = 1.4. This coincides with the frictionless direct-persuasion

benchmark as shown in Panel (a) of Figure 1.

However, under partial observability where the receiver only observes A(03) + A(6y), the
benchmark strategies are not admissible. They induce vy > wo but satisfy [m(s2|wi) —
m(sa|lwa)][m(s2|w1) + m(se|we) — 1] < 0. This violates condition (5). Geometrically, the
benchmark point lies outside the shaded admissible wedge under v; > v in Panel (b) of

Figure 1.

Under the constraint (5), the sender chooses ¢ = 0.2 and ¢ = 0.64, which maximizes
the persuasion value conditional on v; > v, or ¢ = 0.2 and ¢ = 0.85, which maximizes the
persuasion value conditional on v; < vy. These two options are represented in Panels (b) and
(c) in Figure 1. Since the former generates the sender’s expected payoff, %, greater than that
generated by the latter, 1, the optimal persuasion strategy under the partial observability

constraint is (7 (s2|wr), 7(s2ws)) = (2, &) and after signal relabeling, (7 (sa|w:), T(sa|ws)) =

8 3
(ﬁ7ﬁ)'
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When constraints are considered, there are two pairs of natural candidates. The first
lies within the shaded region in Panel (b) and maximizes the persuasion value conditional

on vy > vs. It is at the boundary of the admissible wedge (7 (s2|w1), 7(s2]ws)) = (£, &) or,

8 3

11> 71)- This pair of strategies induces ¢ = 0.2 and

after relabeling, (m(sa|wy), T(s2|ws)) = (
q = 0.64, and the corresponding sender’s expected payoff is %. The second candidate stays
within the wedge [m(s2|wy) —7(s2|we)][m(s2|wr) +7(s2|ws) —1] < 0 and instead maximizes the

9 12

persuasion value conditional on vy > v;. This strategy uses (m(s2|wi), T(s2|w2)) = (55, 13

or, after relabeling, (m(s2lwi), m(s2|ws)) = (35, 75) to induce posterior beliefs ¢ = 0.2 and
g = 0.85. Since both posteriors lie on segments that deliver value 1, the sender’s expected

payoff is simply 1. Comparing the two admissible candidates, the sender prefers the first.

The interpretation is straightforward. In this example, the sender prefers to preserve
the ranking v; > vy and move to the nearest admissible region under this condition. The
friction does not overturn the direction of persuasion. It forces the sender to make the
favorable signal less favorable in order to eliminate the hidden deviation incentive inside the

observational cell.

Innovation Path (Step Value Function)

Suppose that the value function takes the form

;

—2 if ¢€[0,0.2]

1 if ¢€0.2,0.3]
V(g) = :
0 if ¢€][0.3,0.7]

2 if ¢e€[0.7,1]

This value function captures the innovation path or a market of products that can
be easily pirated. At the initial stage when the project was just introduced, given low

market confidence, the project may not be profitable. It earns a moderate return once the
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market begins to recognize quality. However, when the confidence of the market continues
to accumulate, potential competitors are attracted to the market. Consumers shop for
price rather than quality, as they are still not fully convinced about the quality of the
product. Therefore, intensified entry drives the rent to 0. Only when the consumer’s
confidence exceeds the high threshold 0.7 does quality differentiation start to dominate price
competition. At this stage, the project becomes highly profitable. In this value function,
we keep the overlapping specification at the boundary. At ¢ € {0.2,0.3,0.7}, the receiver
has multiple best responses. In this pure-admissibility example, the fixed sender-favorable

pure-selection convention applies at these boundary posteriors.

Under full observability, the benchmark persuasion strategy is again (m(sa|wy ), 7(s2|ws)) =
(0.3,0.8) and its relabeling (7(sa|ws), T(s2|w2)) = (0.7,0.2). They induce posterior beliefs
¢ = 0.2 and ¢ = 0.7, which are associated with v, = 1 and v; = 2 and generate the sender’s
expected payoff 1.4, as shown in Panel (a) of Figure 2. Under partial observability, this
benchmark that induces v; > v, remains inadmissible for the same geometric reason as
before. They lie within the upper and lower wedges in the square area shown in Panel (b)

of Figure 2, which violates (5).

&,

03,0.8)
L
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m(sz|wz)

07,0.2)

—2 f— i 71
‘ (fes)

=04 0 w(sylw) 1 0 w(s2lw1) 1

(@) (b) ©

Figure 2: Example 2: Step Value Function
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To fix this inadmissibility, the first adjustment keeps the value ranking of v; > vy and

moves the strategy to the boundary points (m(ss|w:), 7(s2|ws)) = (0,2) and its relabeling
(7 (s2|wr), T(s2]ws)) = (1, %) These strategies induce posteriors ¢ = 0 and ¢ = 0.7 and yield

the sender’s expected payoff % The second admissible adjustment instead switches to the

9 7

optimization conditional on v, > v; and uses (7(s2|w1), 7(s2|wa)) = (55, g) and its relabeling

strategy (m(sa|wi), m(s2|ws)) = (35, 3). This solution generates an expected payoff 0.75 > 2
for the sender and, therefore, dominates the first. In this example, the cheapest way to
restore admissibility is not to stay in the original regime and attenuate the benchmark
strategy. It is to switch to the regime that requires vy > v;. With this change, the original

bad signal becomes a good one, since the other signal generates an even lower value, which

measures the price of observability becoming incomplete.

The two examples compare the two margins by which partial observability changes the
optimal persuasion strategy. Here, the inadmissibility of the benchmark strategy is char-
acterized by the mismatch between the characteristics of the value vector and the strategy
location. This mismatch in the binary case is captured by condition (5), which naturally
points towards two solutions to the inadmissibility. The sender can remain in the same
regime and move to the nearest admissible region as in the first example. If this is too
costly, as in the second example, she changes the regime itself. In both cases, partial
observability does not eliminate persuasion. It removes those information structures whose
implementation would require the sender to retain hidden reviewer types that are dominated

inside an observational cell.

6 Mixed Strategy and Expected Admissibility

Pure admissibility represents the ex post implementability of a strategy on a fixed fiber.
Therefore, once the sender chooses the reviewer distribution that induces a relevant static

continuation game, we take a pure-strategy equilibrium in this continuation game as the

30



benchmark notion of admissibility and assume that the game prioritizes this implementation
once it exists. However, a fixed observable statistic z = T'\ can also induce a de facto static
continuation game on A(z) with no pure-strategy equilibrium. In this case, the continuation
game is not silent. Under the usual existence conditions, a mixed-strategy equilibrium exists,
and the corresponding information structures define a residual notion of admissibility, which

is revealed only when pure admissibility fails.

We define the concept of expectedly admissible based on this fact. In a pure-strategy
equilibrium, a value vector generated by a receiver action rule selects the reviewer types that
are incentive-compatible within each observational cell. In a mixed-strategy equilibrium, the
receiver mixes over action rules, and the sender responds to the resulting expected value

vector.

Fix a fiber P(z). An action rule is a mapping o : S — A, or equivalently o € A°. Let
U(I1, av) denote the receiver’s ex ante payoff from action rule a when the receiver expects the
information structure II. We keep U as a separate object because alternative specifications
of receiver behavior may change this ex ante payoff while leaving the state-action payoff
u unchanged.” On this basis, define the receiver’s best response correspondence to the

expected information structure II:

BR,(II) := arg max U(II, «).

acAS

Unlike pure admissibility, which uses the fixed pure-selection convention to obtain v(II),

expected admissibility allows the receiver to randomize over action rules in BR,.(II).

Theorem 2 (Expected Admissibility). Fiz T and a feasible observable statistic z with
nonempty fiber P(z). Suppose that the receiver’s action set A is finite and that, for each

action rule o € A, the receiver’s ex ante payoff U(IL, «) is affine in 1. If the fiber contin-

In  the Bayesian benchmark without additional behavioral terms, U(IL, o) =
Y weq 2oses Pr(w)m(slw)u(w, as)), which is affine in IT for each fixed a.
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uation game induced by z has no pure-strateqy equilibrium, then there exist an information
structure I1¥ € P(z) and a nondegenerate receiver mizture 7 € A(AS), |supp 7| > 2, such
that supp 7* C BR,(I1¥) and
B
mn” {11, : 0 V(") Top, |
€ ;zk coqllp: 0 € arg Ielé%)k((O'V(T ) ps ¢,
where v(a) is the sender’s value vector induced by o, v(7*) 1= > s T ()v(a), and o is
the canonical region that contains I1¥. Any such I1¥ is defined as expectedly admissible

on the fiber P(z).

Compared to pure admissibility, the receiver’s behavior plays a more direct role in ex-
pected admissibility. For pure-admissibility results, the exact cardinal specification of U
matters only through the receiver’s best-response correspondence. For expected admissibil-
ity, it also matters through the receiver’s indifference set for given information structures,
because according to Theorem 2, this is where the receiver can mix. To locate where this
indifference appears, additional specification of U is needed, especially how it varies between

different information structures outside of the best-response region.

Assuming that there is no additional behavioral punishment for a mismatch between
the information structure and the action rule, the affine specification of U(II, «) is a conve-
nient benchmark. An important implication of this property is that the receiver evaluates
a sender mixture through its barycenter in Il-space, so any sender mixture has an equiv-
alent pure strategy on the fiber. Thus, the central object in expected admissibility is the
receiver’s mixture. In our model, any mixed-strategy equilibrium can be sustained by the
sender’s pure strategy. This observation not only clarifies the mechanism that sustains the
equilibrium, but also simplifies both the location of the expectedly admissible region and

the determination of the associated persuasion value.

The comparison between Theorems 1 and 2 reveals how mixed strategies can restore
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admissibility when pure admissibility fails and no pure-strategy equilibrium on the fiber
conceals the mixed-strategy equilibrium. Admissibility requires a match between the strat-
egy Il and the endogenous convex hull in the strategy space. The receiver’s mixture over
action rules creates an expected value vector that admits additional mappings that were
not selected by any pure receiver action rule. Geometrically, it expands the convex hull to
improve matching. This is the mixed analog of the tie-expansion mechanism of Corollary 1.
There, if a value vector ties several reviewer types in a cell, the selected convex hull expands
to facilitate pure admissibility. Here, the same expansion is generated endogenously by the
receiver’s mixture. The difference is that the resulting admissibility is only expected, relying

on the receiver’s indifference and randomization.

This logic also explains why expected admissibility is rare. Expected admissibility re-
quires receiver indifference that is relevant for the sender’s payoff. With a finite receiver
action set, such indifference appears only on boundaries of the receiver’s best-response re-
gions. In the reduced-form value correspondence, these are points where different sender
values may be available for the same posterior, potentially implying discontinuity in the
value function. If the value function is continuous along the relevant fiber, this indifference
usually does not reveal expected admissibility. Particularly, when endpoint incentives point
in opposite directions, continuity tends to generate an intermediate information structure
with a level value segment, which sustains a pure-strategy equilibrium and conceals the
mixed one. If the receiver’s action-rule space is convexified so that the receiver’s mixed
strategy itself becomes a feasible pure strategy, the same mixed object is again absorbed
into pure admissibility. Therefore, expected admissibility is relevant only in the residual
case where no pure-strategy equilibrium exists and the receiver still has a payoff-relevant

indifference set on the fiber.

Adding to the rarity of expected admissibility is the robustness of cheap talk. As long as
a fiber contains an uninformative information structure, cheap talk becomes a natural pure-

strategy equilibrium candidate because all signals induce the same posterior and the same
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sender value. Under our equilibrium-selection convention, this pure-strategy equilibrium
conceals any mixed-strategy equilibrium on the same fiber. This gives a different perspective
on cheap talk. Cheap talk is dangerous not because persuasion must always collapse to it,
but because it is often the most robust admissible point when commitment is weakened by
partial observability. In the binary example where the receiver observes only the proportions
of type 63 and type 0, reviewers, the robust admissible region is the diagonal of the square
space. Since all fibers cross this diagonal, expected admissibility does not survive. This
perspective also suggests a policy margin. If improving observability directly is difficult or
costly, a policy designer may instead try to change the sender’s payoff through transfers and
institutional rules so that more informative strategies become pure-strategy equilibria and

no longer lose to the uninformative ones within the fiber.

Theorem 2 establishes existence under the maintained no-pure-equilibrium premise. It
also suggests an algorithm for locating expectedly admissible regions. The algorithm first
screens fibers, removes those with pure-strategy equilibria, and then examines receiver-
indifference sets on the remaining fibers. However, the theorem itself does not provide a
characterization of which indifference sets can support a mixed-strategy equilibrium on this
fiber. Theorem 3 rewrites the continuation problem as a score-balancing condition over the
extreme points of the fiber. This gives a sharper principle for finding the relevant equilibrium

information structures.

Theorem 3. Suppose that the receiver’s action set A is finite. Fixz T, a nonempty fiber
P(z) :=A{II(N) : A € A(2)} and a candidate information structure Il € P(z). Let Ext(P(z)) =
{Il;, ..., Tlx} denote the extreme points of the fiber image. For each o € BR,(I1), define the
score vector p(a) := ((UV(&))Tﬁlps, e (Uv(a))TﬁKps> € RE, where o is the canonical
region containing II. Then II can be sustained as an equilibrium outcome of the de facto

static continuation game associated with P(z) if and only if there exists a nonempty set
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® C{1,...,K} such that
Il € co{ll; : j € D} (IN)

and

gl}%n(n) BT u(a) <0 VB € RY such that 71 =0 and By > 0 VL ¢ ®. (SB)
ac T

If the continuation game based on P(z) has no pure-strategy equilibrium, then any 11

satisfying (IN) and (SB) is expectedly admissible on the fiber.

Theorem 3 gives a general condition under which an information structure induces the
value vector that qualifies its admissibility. Condition (IN) selects a face of the fiber that
contains II. Condition (SB) asks whether the receiver’s best-response action rules can be
mixed so that the extremes in this selected face receive the same highest score, while all
excluded extremes receive weakly lower scores. Given Condition (IN), pure admissibility is

the special case in which a single action rule o € BR,(II) already satisfies Condition (SB).

If admissibility is not possible, there is a tension between conditions (IN) and (SB)
built into the value function. The previous discussion indicates that additional receiver
strategies « ease this tension. Theorem 3 goes further to detail this mechanism. For a
target information structure, the value vector induced by the receiver’s best responses may
assign too low a score to the extremes in ® relative to complementary extremes, creating
profitable deviations for the sender captured by some 3 € RX. Another receiver action
rule may have a different weakness. However, these different action rules cover each other’s
weaknesses. As a result, the receiver’s mixture can raise the relative score of the selected
extremes in & and suppress that of the remaining ones. In another case, the mixture
may expand ®. These two mechanisms, where the former relaxes condition (SB) for given
condition (IN) and the latter goes the other way around, both relax the tension between

the two conditions to foster expected admissibility.
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The mechanism is especially straightforward in the binary case, where extremes in the
fiber cannot induce the receiver’s indifferent best responses in the absence of pure admis-
sibility. A fiber has two endpoints. If there is no pure admissibility at either endpoint,
the receiver’s best-response rule associated with each endpoint makes the sender prefer the
opposite endpoint. If both action rules are receiver best responses to some interior infor-
mation structure, this crossing of endpoint rankings implies condition (SB). The receiver
can mix them to equalize the two endpoint scores. Once the endpoints are equalized, ev-
ery information structure on that fiber gives the sender the same expected payoff. Since
reweighting the probabilities of signals does not change her expected payoff, the sender will
choose the information structure that makes both action rules the receiver’s best responses,

which sustains the mixed-strategy equilibrium.

Theorems 2 and 3 also clarify the role of the receiver’s payoff function. The receiver’s
payoff locates the indifference sets where the mixture mechanism can work. In this sense,
expected admissibility requires more information about receiver behavior than pure admissi-
bility. Different payoff specifications may change which information structure is supported,
or whether the benchmark becomes purely admissible. However, once an indifference set
and a supporting mixture are fixed, the effect of partial observability on persuasion effective-
ness is determined by the induced value vectors and the observability structure, summarized
by the score vectors u(c). Therefore, in this conditional sense, the effect captured in the
following corollary does not rely on a particular cardinal specification of U and is robust

across receiver-payoff specifications.

Corollary 3. Let II* € arg maxpep (UV(H))THPS be a benchmark persuasion strateqy lo-
cated in canonical region o, where v(I1*) is the selected sender-favorable value vector at IT*.
Suppose that 1I*p, has full support. If IT* is not purely admissible but is expectedly admissible

on the fiber z, supported by receiver mixture 7, then

(ov(7*)) ' I*ps < (ov(IT%)) " TT*p,.
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Corollary 3 highlights an important implication that expected admissibility can rescue
implementability but comes with a discount on the payoff associated with the information
structure. If the optimal benchmark strategy is not purely admissible, the only possible way
to sustain the same benchmark information structure on its fiber is through the receiver’s
action-rule mixture. This mixture restores admissibility by suppressing the high value that
made the hidden deviation attractive to the sender. Therefore, expected admissibility does
not restore the full-commitment payoff if pure admissibility cannot. This discount represents
a different channel through which partial observability affects persuasion. Pure inadmissi-
bility can remove information structures from the feasible set. Expected admissibility can
bring some back, but only under an expected value vector generated by receiver mixing.
The friction does not necessarily render the optimal benchmark information structure inad-
missible, but when the benchmark is not purely admissible and has full signal support, the

information cost is unavoidable.

Example

The binary examples from the preceding section illustrate how restrictive expected admissi-
bility is. In the piecewise affine example, the continuation games always admit pure-strategy
equilibria,!? so expected admissibility, as a residual concept, is not revealed. With the step
value function, expected admissibility appears only for two observability structures: the
receiver observes one constant-signal reviewer type (5 or ;) and one state-contingent re-
viewer type (0, or #3), while the remaining two reviewer types are pooled. Here, we focus

on the case where the receiver observes the proportions of type 0y and 6, reviewers, while

10Since this specific value function is continuous, as shown in Panel (a) of Figure 1, if no pure-strategy
equilibrium exists at the endpoints, the two endpoint information structures must carry opposite hidden-
deviation incentives. Then, by continuity, there exists an information structure in between that induces a
level value segment and neutralizes the sender’s deviation incentive, sustaining a pure-strategy equilibrium.
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type #; and 63 reviewers are pooled. The symmetric case is obtained by relabeling signals

and states.

m(sz|wz)

n(szlwz)
m(sz|wz)

0 m(sz|w,) ) 1

(al)

0 m(sz|wy) 1 0 n(szlw1) 1

(b1) (c1)

V4

i
0.2 q=04 0.7

(a2)

Figure 3: Example:

0.2 q=04 053 q=04

(b2) (c2)

Expected Admissibility and Pure Admissibility

In Figure 3, Panels (al) and (bl) show the extremes of the fibers on which there is

no pure-strategy equilibrium. As the representative fibers in both panels illustrate, these

fibers are vertical line segments, with lower and upper endpoints lying in the red and blue

regions, respectively. According to Theorems 2 and 3, expected admissibility requires the

receiver’s indifference conditional on the sender’s equilibrium strategy. In this example,

the receiver’s indifference occurs only when at least one induced posterior belief is at a

discontinuity of the value function {0.2,0.3,0.7}, as shown in Panels (a2) and (b2). These

expectedly admissible information structures, which are the sender’s equilibrium strategies,
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are represented by green line segments in Panels (al) and (b1).

All expectedly admissible information structures on the branch in Panel (al) generate a
payoff of 1 for the sender. Panel (a2) gives a representative fiber on this high-value branch.

This representative fiber has endpoints

(7(s2|wr), T(sa|wz)) = (0.7,0) and (7 (s2]wr), T(s2|ws)) = (0.7,0.3).

They induce the posterior pairs (qi,¢q2) = (%, 1) and (q1,q2) = (%, %), respectively, as
represented by the two line segments in Panel (a2). At either endpoint, the sender has an
incentive to move secretly to the other endpoint, because this increases the probability of
the signal associated with the higher value. Therefore, no pure-strategy equilibrium exists

on this fiber.

However, the fiber contains the information structure
HE = (7T(82 | wl),ﬂ'(SQ ’ U.)Q)) = (()7,02),

which induces (1, ¢2) = (0.2,0.7). Both boundary posteriors are discontinuities of the value
function, where the receiver’s indifference appears. Under the sender-favorable convention,
the receiver can choose a mixed action rule that gives the sender’s expected value 1 after both
signals. Specifically, at posterior ¢ = 0.7, the receiver mixes between the actions yielding
values 0 and 2 with equal probability, while at posterior ¢ = 0.2, he selects the action yielding
value 1. Because the expected value is the same after both signal realizations, changing the
probability of the signals along the fiber no longer changes the sender’s payoff. The hidden

deviation incentive is neutralized.

In contrast, all expectedly admissible information structures on the branch in Panel (b1)

yield payoff 0 for the sender. Panel (b2) gives a representative fiber on this low-value branch.
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The two endpoints in this fiber are

(m(sleor), T (50]wa)) = (0.8,%) and  (n(salun), w(sslwn)) = (os%)

inducing the posterior pairs (¢, ¢2) = (%, %) and (q1,q2) = (3, 0.5), respectively, as shown
in Panel (b2). As in the high-value branch, each endpoint gives the sender an incentive to

deviate secretly to the other endpoint, so pure admissibility also fails on the fiber.

The fiber contains the information structure

I = (W(32|W1)77T(82|W2)) = <§v %) )

which induces (q1,¢2) = (0.2, ), shown in Panel (b2). The first posterior is at the dis-
continuity ¢ = 0.2, while the second posterior lies in the interior of the zero-value region.
Hence, given the receiver’s best response after signal ss, the sender’s value is fixed at 0.
At posterior ¢ = 0.2, the receiver mixes the actions resulting in —2 and 1 for the sender’s
payoff, choosing the latter with probability 2/3. The sender’s expected payoff after signal

s1 is then also 0, matching the value after signal s;. This again neutralizes her incentive to

secretly change the signal probabilities along the fiber.

As a reference, Panels (c1) and (c2) return to pure admissibility. According to the pre-
ceding section, a strategy must lie in the region matching its color to be purely admissible.
This principle implies that the benchmark strategies remain outside the designated admis-
sible region, so the full-commitment benchmark outcome cannot be implemented in pure

strategies. In this case, the best purely admissible strategies remain

(m(s2lwr), m(s2lwn)) = (%,g) and  (m(salwr), m(s2lws)) = (1_76%) ,

which induce posterior pairs (g1,¢2) = (0.7,0.3) and (¢1,¢92) = (0.3,0.7), up to signal re-

labeling. These strategies generate the sender’s expected payoff 0.75. In comparison, the
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best expectedly admissible branch generates payoft 1, while the full-commitment benchmark

generates % In this example, the sender’s payoff ranking is therefore % >1> %.

This ranking summarizes the role of expected admissibility. It can restore the admis-
sibility of an information structure when the pure-strategy equilibrium fails on the fiber
in which it is located, and it may even outperform the best purely admissible strategy.
However, it does not restore the full-commitment benchmark. The receiver’s mixture saves
implementability by neutralizing the sender’s hidden-deviation incentive, but the same mix-
ture changes the sender’s effective value vector. Thus, expected admissibility is a remedy

for the commitment problem, not a complete solution to it.

The remedy is also fragile in a way that pure admissibility is not. Expected admissibility
relies on the receiver’s indifference and on a precise randomization device. The payoff it de-
livers is an expected payoff under the receiver’s mixture, not a payoff secured signal-by-signal
under a pure action rule. In our model, if the receiver’s mixture is properly implemented,
the sender compares strategies based on expected payoffs. In practice, however, if there are
issues with the receiver’s randomization device, the sender may still prefer a purely admissi-
ble strategy despite its lower expected value. This is why expected admissibility remains a
residual concept in our framework. If a policy maker wants to preserve the expected admis-
sibility of an information structure, it may be necessary to provide a reliable randomization

or tie-breaking device that makes the neutralization credible.

7 Robust Observability Structure

Given a specific persuasion problem, the observability structure determines how reviewer
types are pooled and, therefore, which effective information structures are admissible. As
a feasible constraint on persuasion outcomes, the observability structure is more stable
than persuasion problems. It can matter across many persuasion problems with different

primitives, which in our environment are the sender’s value vector v, the policy target
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strategy ITT,'* and the sender’s prior p,. A natural question is therefore, which observability

structures can keep the target persuasion outcome admissible as these primitives vary.

This robustness can be approached from two perspectives. The first is an ex ante design
problem: the observability structure is chosen or refined before the persuasion profile is
known, but the primitives are revealed by the time persuasion takes place. The second
is an on-path robustness problem: even at the persuasion stage, some primitive remains
private, particularly the sender’s prior belief. The first question asks which observability
structure is needed to preserve flexibility across future persuasion problems; the second asks
whether asymmetric information about certain primitives matters under a fixed observability

structure.

The first perspective is close to the actual institutional design. Review platforms and
policy makers typically choose a durable disclosure rule before any particular market activ-
ities or persuasion problem are known, and then apply that rule across many heterogeneous
environments. For example, in the buyer-seller scenario, the review system is established to
adapt to the customer’s varying willingness to pay, which not only determines the belief cut-
off that motivates customers to purchase (benchmark IT* as the policy target IIT), but also
the sender’s profit from the induced purchase action (v). In hotel reviews, Expedia histori-
cally restricted reviews to customers who booked through the platform, while TripAdvisor
allowed anyone to post. These platform-design distinctions remain persistent despite the

design leading to consistent review manipulation patterns (Mayzlin et al. 2014).

According to Corollary 2, robustness is trivial under full observability. If the receiver
fully observes the reviewer distribution or, technically, reviewer types are partitioned into
singletons, the admissible region coincides with the full set of effective information structures
regardless of primitive values. However, this benchmark may seem too strict. The interesting

question then is how much of that benchmark can be retained when the designer cannot, or

UThe target IIT may coincide with the full-commitment benchmark IT*, but it may also be a chosen
substitute when the benchmark is too costly to preserve.

42



does not want to, refine the observability structure all the way to singletons.

Theorem 4. Fiz i € {1,2,...,n} and let O C O be the subset of deterministic reviewer

types who choose s; for at least one state, so that |@%| =n" — (n—1)". Define the polytope

Pl = {H eP: Zﬂ(s; | wj) > 1}.
j=1
Then P’ is a polytope whose vertices are the deterministic response matrices induced by o'
Furthermore, there exists a proper fundamental region D C 73%, and every II € D can be

implemented by some A € A(OY) via

m(s [ w) =Y AO)1{s =(0,w)}.

0eOi

Theorem 4 shows that the observability of all n™ reviewer types is sufficient, but not
necessary, to recover full admissibility up to permutation. In addition, this theorem further
reduces this sufficiency to n™—(n—1)" types that use one designated signal at least once. The
omitted (n — 1)™ types are precisely those that never use that signal, which are redundant
as shown in the constructive proof. After a suitable permutation of signal labels, every
effective information structure can be represented using these n™ — (n — 1)™ reviewer types

that employ the designated signal somewhere.

By this theorem, the designer does not need to certify every possible reviewer mapping.
What matters is to separate a strategically chosen spanning family. Put differently, a robust
design does not need to reveal the whole type space. It only needs enough singleton cells to
canvas a proper fundamental region. Compared to all n™ reviewer types, this reduction to

n"™ — (n — 1)" is substantial. The fraction of deterministic reviewer types that may remain
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pooled is
(-3
1—= .
n
Numerically, this corresponds to a reduction that rises from 25% when n = 2 to about

e~ ~ 36.8% as n — oo. Thus, the reduction is modest in the binary case but quantitatively

significant once n is larger.

The theorem is especially transparent in the binary case. When n = 2, even without 6,
(the picky) reviewers who always send sg, the sender can still implement any experiment up
to relabeling by letting s; play the role of the “good” signal (7(s2|w2) > m(s2|w:i)) when she
needs to maximize the likelihood of the good signal, and play the role of the “bad” signal
(m(s2|wz) < m(s2|wi)) when she needs to maximize the probability of the bad signal. This
exactly matches both the minimal vertex requirement (Carathéodory) n(n — 1)+ 1 = 3
and the bound n" — (n — 1)" = 3.1 In that sense, the construction is sharp in the binary
environment. But precisely because the binary geometry is tight, observing three out of
four reviewer types is equivalent to full observability, as the total mass of all reviewers is
normalized to 1. Nevertheless, additional information about the persuasion problem allows

for further relaxation of the observability structure.

Theorem 4 is primitive-independent and therefore conservative. Given particular space
structures, such as those that come with the binary case, once the designer knows even one

piece of the persuasion environment, the observability requirement can be relaxed further.

Proposition 3. In the binary case where n = 2, fix a target persuasion outcome and let
IIT be a labeled representative of it. If the policy designer knows either IIT or the relevant
ordering between vy and vy, then there exists a three-cell observability structure, partitioning
the four reviewer types into three cells, such that a relabeling of 11T is purely admissible.

Hence the target persuasion outcome is sustained as an equilibrium.

12Essentially, Theorem 4 is a constructive upper bound. Since P has dimension (n — 1)n, any (full-
dimensional) robust design that covers interior points needs at least (n — 1)n + 1 singleton types by
Carathéodory Theorem. These two bounds coincide when n = 2, but not in general.
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Proposition 3 not only strengthens the implication that a partially observable reviewer
distribution is robust to varying primitives in the persuasion problem regarding admissibility.
It also implies that, in the binary case, even Theorem 4 is not necessary for this robustness
once the sender has some information about the persuasion problem. In particular, if either
the target experiment II" or the relevant value vector v is already known, one nontrivial

pool can be tolerated without losing the target outcome.

In our innovation path example, partial observability changes the optimal persuasion
strategy because the observability structure renders the benchmark optimal persuasion strat-
egy inadmissible. However, when we adopt another observability structure, if the receiver
either fully observes the proportions of reviewers of type 6; and type 6,, or if he observes the
proportions of reviewers of type 5 and type 63 reviewers, the benchmark becomes admissible

up to permutations.

Figure 4 shows the geometry. Panels (a) and (b) shade the admissible regions for these
two observability structures in Il-space, which include at least one of the optimal persuasion
strategies. More importantly, the graphs also illustrate two distinct mechanisms behind
Proposition 3. Panels (a) and (b) correspond to the first route, in which the designer knows
the target experiment IIT to admit. The darker region where I satisfies [7(sa|w;)+7(s2|ws) —
1][7(s2]wa) — m(se|wi)] > 0 is the intersection of two possible convex hulls. Hence, any II in
these darker regions is admissible regardless of which pooled reviewer the sender prefers. In
this case, the remaining information about value vector v and prior ps becomes irrelevant

for admissibility.

Panels (c¢) and (d) show the second mechanism, in which the designer does not know
II7, but does know the value ranking v, < v;. Under this restriction, the darker regions in
Panels (c¢) and (d) exhaust the full binary experiment space up to permutation. Therefore,
once the designer knows v, < vy, the information about II' is no longer needed, as it must

lie in the darker region of one of the two panels up to relabeling.
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Figure 4: A Robust Design of Observability Structure

Figure 4 also emphasizes the necessity of knowing some correct information. If the
designer tries to use the first mechanism with the wrong target experiment, so that the true
IT" satisfies the opposite condition [m(salwi) 4 m(sa|ws) — 1] [(sa|ws) — 7(s2]wr)] < 0, then
this II" may fall within the blank region in Panels (a) and (b), and the chosen observability
structure will fail to sustain the target outcome. Likewise, if the designer tries to use
the second mechanism with the wrong value ranking, so that in fact ve > vy, then the
admissible region in Panels (c¢) and (d) collapses to the diagonal, and only cheap talk remains.
Therefore, in the binary case, the designer cannot identify a robust three-cell observability
structure without at least one correct piece of information. If both IIT and the ranking of
v; are unknown, the designer may choose an observability structure under which the target

persuasion outcome is not admissible.
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In addition to the structure design stage, some primitives can remain private even during
persuasion, which creates a different question of robustness. In a direct persuasion problem
with the full-commitment assumption, the sender’s prior belief p, is irrelevant information
to the receiver. However, once the commitment assumption is imperfect, p, predicts which
latent deviation the sender would prefer. When several reviewer types are pooled by the
observability structure, the sender’s private p, translates into the receiver’s uncertainty
about which reviewer within the pool dominates in the sender’s preference. In that sense, the
sender’s prior becomes essential for the receiver to infer the actual information structure in
persuasion and for determining which persuasion outcomes can be sustained as equilibrium.
A common way to avoid this problem is simply to assume that p, is publicly known. This
assumption is widely applied in the relevant literature, although it may not be universally
justified in real world practice. However, the next theorem shows that this is stronger than
necessary. Under a restricted but economically meaningful class of observability structures,
the receiver’s ignorance of ps does not jeopardize the admissible set of information structures

as a constraint that determines the equilibrium.

Theorem 5. A subfamily ©CO.is unwversally ps-robust, namely, for every fived value
vector v € R™ and every pair 0',0" € é, v (g — lgn) ps does not change sign as ps varies
over A(Q) if and only if there ezist a subset Q C Q and a background mapping 7 - Q\ﬁ — S
such that all types in ) agree with 5 on '\ Q, and one of the following two cases holds:

(a) There exist two distinct signals st, s~ € S and, for each 6 € (:), a set gy C Q such
that

(

Tw), wgd,
’7(976“)) = S+, w e Qg,

s, wEﬁ\Qg,

\

and the family {Qq : 0 € é} satisfies Qg C Qgn or Qg C Qg for any 6" £ 6”.
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(b) For every 6 € O, there exists a signal ss € S such that

A direct implication of Theorem 5 is that if every observational cell pools only reviewer
types that form a universally ps-robust subfamily © indicated in the theorem, then the
sender’s ranking over the pooled types is unconditional on p,. Equivalently, making p,
private does not impact the receiver’s correct inference of the reviewer type that represents
every pooled cell, which defines the admissible region in the II-space. Therefore, under an
observability structure that falls within two cases in Theorem 5, any equilibrium based on

admissibility stays robust even when p, ceases to be public.

The intuition is simple. In any candidate information structure that the receiver believes
to be true, different signals are attached to different values for the sender, creating a ranking
of signals in the sender’s preference. In case (a), reviewer types can be ordered so that one
type sends sT on a superset of states, and s~ on the complementary subset, relative to
another type. In case (b), different reviewers send different signals constantly independent
of the state. Because ps only reweights states within the simplex, in each of these cases,
the sender’s preference over reviewers is irrelevant to ps and depends only on her preference
over different signals. In this case, the sender’s value function contains full information
about the sender’s optimal information structure, similarly to direct persuasion under full

commitment.

Our examples in the previous section are robust to an unknown p, because pooling
reviewers who send the same signal regardless of the state is exactly a special case of (b)
in Theorem 5. In the binary case, robustness fails only when a pool contains both types 6,

and 0, reviewers, who send informative signals but have opposite opinions on each state. If
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one of these reviewer types is absent, negligible, or separated by the observability structure,
the sender’s private prior belief does not directly threaten the equilibrium. As a policy
implication, if both 6; and 0y reviewers are common, a simple solution to this information
asymmetry, and a way to maintain equilibrium, is to disclose the proportion of type 6; or

type 05 reviewers, which justifies the policy design to certify faithful reviewers.

This robustness is one-sided. It applies only to the sender’s prior belief pg, but not to
the sender’s value vector v. The asymmetry comes from the different domains of the two
objects. p; is restricted to the simplex A(2), whereas v ranges in R". Although less likely
compared to the sender’s prior belief, it is also possible that the receiver is unaware of the
sender’s objective in persuasion. As with the sender’s prior belief, while it is irrelevant
in the direct persuasion problem under full commitment, the sender’s objective can be
important in indicating the receiver’s possible deviation if this deviation is not directly
observable. However, if the receiver knows p, but not the sender’s objective, then varying v
can potentially reveal any of two reviewer types that induce different signal distributions but
are pooled together under that p,. Accordingly, universal value-vector robustness is much
more demanding. If the requirement is imposed for every ps, full observability is required.
In practice, to ensure the robustness of the admissibility region, the policy maker should
strive to ensure that at least the sender’s objective is publicly known if it is not obvious

common knowledge.

In general, this section provides a practical implication for a designer who can refine
the observability structure but cannot costlessly reveal every reviewer type. The central
implication is not that more disclosure is always better. Rather, the designer should target
disclosure to the reviewer categories whose pooling is most likely to threaten admissibility.
This approach has been adopted by actual review regulation practice. The current FTC
framework does not require the public identification of all reviewers. It explicitly states that
firms are not expected to investigate every potential testimonialist. Instead, it targets the

categories most likely to create hidden distortions. This practice is particularly important
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with a limited budget. Revealing the wrong reviewer types may be expensive while doing
little to protect the equilibrium-relevant admissible region. Robustness is therefore not only
a theoretical concept, but also provides a discipline for cost-effective design. In that sense,
the findings in this section can be read as a guide for how a policy maker should allocate a

limited disclosure resource in different scenarios.

8 Concluding Discussion

Canonical Bayesian persuasion takes the commitment to an information structure as a prim-
itive. This simplification isolates the geometry of optimal information. Our paper builds on
that foundation and then moves in the complementary direction of opening the implemen-
tation black box behind an information structure. By concretely representing information
structures as distributions over reviewer mappings, we microfound the commitment as-
sumption as a condition on the observability of the reviewer distribution. This perspective
connects the theoretical object of persuasion to empirically observable institutional features.
Our insight is therefore not only theoretically interesting but also practically meaningful.
For the same reason, the perspective also suggests an empirical route for studying commit-
ment in persuasion through changes in the observability of reviewer composition and their

effects on persuasion outcomes.

The finite deterministic reviewer setting in the paper provides a disciplined benchmark
and does not imply that real reviewers are always deterministic and non-strategic. In appli-
cations, some reviewer types may be stochastic mappings from states to signal distributions,
reflecting their backgrounds or institutional incentives. With a finite stochastic basis, the
same mechanism continues to apply. The sender’s hidden-deviation problem remains a lin-
ear program over a polyhedral fiber in the strategy space. What changes is the shape of the
fiber and therefore the geometry of admissibility. This is especially relevant for structural

empirical work, where the reviewer basis may be estimated rather than imposed. The non-
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strategic reviewer in the model should also be read in this reduced-form sense. A strategic
intermediary can be integrated into the framework when its incentive constraints gener-
ate a stable reporting rule, in which case heterogeneous mappings represent heterogeneous
incentive-compatible behavior, including separating behavior across intermediary types. In
this sense, the perspective of mapping management applies more broadly whenever per-
suasion is mediated through agents whose information production can be summarized by
reporting technologies. It therefore provides an empirically disciplined test bed for theo-
ries in which frictions restrict effective information structures. In those tests, one can ask
whether a mechanism survives when the restriction comes from the availability and observ-

ability of mappings, rather than being imposed directly on the experiment space.

Our paper also opens natural directions for future work. To isolate the underlying mech-
anism, we assume that the receiver meets one reviewer, with the meeting probabilities deter-
mined directly by the sender’s chosen distribution. Future studies may allow the receiver to
read multiple reviews, turning our model into a sequential persuasion problem in which the
same effective information structure is applied to successive posterior beliefs. In this case, an
experiment admissible at the initial belief may become inadmissible after preceding reviews
move beliefs to another region, creating a new constraint to shape persuasion. Relaxing the
second assumption brings the model closer to word-of-mouth persuasion. A social network
filters the sender’s reviewer composition into receiver-specific exposure distributions, so the
same implementation may generate an admissible experiment for some receivers but not for
others. With multiple receivers, this becomes a public persuasion problem with a hetero-
geneous audience. In both extensions, admissibility becomes asymmetric across histories in
the sequential case and across receivers in the network case. This asymmetry may itself be
part of the persuasion design. When additional information is unnecessary or counterpro-
ductive for some histories or audiences, the limits of commitment can serve as a stabilizing

device for persuasion.

o1



References

Antic, Nemanja and Harry Pei, “Selective Disclosure in Overlapping Generations,”
arXiv preprint arXiw:2602.09406, 2026.

Arieli, Itai and Colin Stewart, “Bayesian Persuasion without Commitment,” arXiv
preprint arXiv:2511.18662, 2025.

_ , Yakov Babichenko, and Fedor Sandomirskiy, “Bayesian persuasion with media-
tors,” arXww preprint arXiw:2203.04285, 2022.

Aybas, Yunus C and Eray Turkel, “Persuasion with coarse communication,” arXiv
preprint arXiw:1910.13547, 2025.

Babichenko, Yakov, Inbal Talgam-Cohen, Haifeng Xu, and Konstantin Zabarnyi,
“Regret-minimizing Bayesian persuasion,” Games and Economic Behavior, 2022, 136,
226-248.

Best, James and Daniel Quigley, “Persuasion for the long run,” Journal of Political
Economy, 2024, 132 (5), 1740-1791.

Bizzotto, Jacopo, Eduardo Perez-Richet, and Adrien Vigier, “Communication via
Third Parties,” Working paper, 2022.

Celik, Levent and Mikhail Drugov, “Score disclosure,” The Economic Journal, 2025,
135 (666), 519-537.

Chevalier, Judith A and Dina Mayzlin, “The effect of word of mouth on sales: Online
book reviews,” Journal of marketing research, 2006, 43 (3), 345-354.

Corrao, Roberto and Yifan Dai, “The bounds of mediated communication,” arXww
preprint arXiv:2303.06244, 2024.

Dai, Yifan, Drew Fudenberg, and Harry Pei, “Bayesian Persuasion with Selective
Disclosure,” arXww preprint arXiv:2601.05914, 2026.

Deb, Rahul, Mallesh M Pai, and Maher Said, “Indirect persuasion,” Journal of
Political Economy, 2026, 134 (4), 1210-1244.

Dworczak, Piotr and Alessandro Pavan, “Preparing for the worst but hoping for the
best: Robust (bayesian) persuasion,” Econometrica, 2022, 90 (5), 2017-2051.

Ederer, Florian and Weicheng Min, “Bayesian Persuasion with Lie Detection,” Working
paper, 2025.

Fudenberg, Drew, Ying Gao, and Harry Pei, “A reputation for honesty,” Journal of
Economic Theory, 2022, 204, 105508.

52



Gradwohl, Ronen, Niklas Hahn, Martin Hoefer, and Rann Smorodinsky, “Algo-
rithms for persuasion with limited communication,” Mathematics of Operations Research,
2022, 47 (3), 2520-2545.

Guo, Yingni and Eran Shmaya, “Costly miscalibration,” Theoretical Economics, 2021,
16 (2), 477-506.

Hu, Ju and Xi Weng, “Robust persuasion of a privately informed receiver,” Economic
Theory, 2021, 72 (3), 909-953.

Jiang, Shaofei, “Persuasion via Sequentially Acquired Evidence,” Working paper, 2024.

Kamenica, Emir and Matthew Gentzkow, “Bayesian persuasion,” American Economic
Review, 2011, 101 (6), 2590-2615.

_ and Xiao Lin, “Commitment and randomization in communication,” arXiv preprint
arXiv:2410.17503, 2025.

Kosenko, Andrew, “Mediated persuasion,” arXiv preprint arXiv:2012.00098, 2020.

Kosterina, Svetlana, “Persuasion with unknown beliefs,” Theoretical Economics, 2022,
17 (3), 1075-1107.

Kreutzkamp, Sophie and Yichuan Lou, “Persuasion without ex-post commitment,”
Journal of Economic Theory, 2025, p. 106058.

Kuvalekar, Aditya, Elliot Lipnowski, and Joao Ramos, “Goodwill in communica-
tion,” Journal of Economic Theory, 2022, 203, 105467.

Lagziel, David and Ehud Lehrer, “Constrained Mediation: Bayesian Implementability
of Joint Posteriors,” arXiv preprint arXiv:2510.20986, 2025.

Libgober, Jonathan, “False positives and transparency,” American Economic Journal:
Microeconomics, 2022, 14 (2), 478-505.

Lin, Xiao and Ce Liu, “Credible persuasion,” Journal of Political Economy, 2024, 132
(7), 2228-2273.

Lipnowski, Elliot and Doron Ravid, “Cheap talk with transparent motives,” FEcono-
metrica, 2020, 88 (4), 1631-1660.

Lou, Yichuan, “Private Experimentation, Data Truncation, and Verifiable Disclosure,”
arXiv preprint arXiw:2305.04231, 2023.

Luca, Michael, “Reviews, reputation, and revenue: The case of Yelp.com,” Com (March
15, 2016). Harvard Business School NOM Unit Working Paper, 2016, (12-016).

23



_ and Georgios Zervas, “Fake it till you make it: Reputation, competition, and Yelp
review fraud,” Management science, 2016, 62 (12), 3412-3427.

Lyu, Qianjun, Wing Suen, and Yimeng Zhang, “Coarse information design,” arXiv
preprint arXiv:2305.18020, 2025.

Margaria, Chiara and Alex Smolin, “Dynamic communication with biased senders,”
Games and Economic Behavior, 2018, 110, 330-339.

Mathevet, Laurent, David Pearce, and Ennio Stacchetti, “Reputation and informa-
tion design,” Working Paper, 2024.

Mayzlin, Dina, Yaniv Dover, and Judith Chevalier, “Promotional reviews: An em-
pirical investigation of online review manipulation,” American Economic Review, 2014,
104 (8), 2421-2455.

Min, Daehong, “Bayesian persuasion under partial commitment,” Economic Theory, 2021,
72 (3), 743-764.

Nguyen, Anh and Teck Yong Tan, “Bayesian persuasion with costly messages,” Journal
of Economic Theory, 2021, 193, 105212.

Pei, Harry, “Repeated communication with private lying costs,” Journal of Economic
Theory, 2023, 210, 105668.

Perez-Richet, Eduardo and Vasiliki Skreta, “Test design under falsification,” FEcono-
metrica, 2022, 90 (3), 1109-1142.

Rayo, Luis and Ilya Segal, “Optimal information disclosure,” Journal of political Econ-
omy, 2010, 118 (5), 949-987.

Shishkin, Denis, Maria Titova, and Kun Zhang, “Withholding verifiable information,”
arXw preprint arXiw:2206.09918, 2026.

Titova, Maria and Kun Zhang, “Persuasion with verifiable information,” Journal of
Economic Theory, 2025, p. 106102.

Treust, Maé€l Le and Tristan Tomala, “Persuasion with limited communication capac-
ity,” Journal of Economic Theory, 2019, 184, 104940.

Vong, Allen, “Reputation and efficiency: Information design,” American FEconomic Jour-
nal: Microeconomics, 2025, 17 (3), 191-243.

Zhou, Junya, “Costly verification and commitment in persuasion,” Journal of Economic
Behavior € Organization, 2023, 212, 1100-1142.

o4



Appendix

For ease of reference, we use the following notation throughout the appendix.

An observational cell is denoted by O = {# € © : Tyy = 1}. For a feasible statistic z,
Az) ={ € AO) : TX =z}, P(z) :=A{II(N) : A € A(2)}.
Each reviewer type 6 induces the deterministic response matrix Ily, and

TI(A) = > A(O)Tp.
0cO
When a value vector is used with a canonical region C,, it is written in canonical signal

order, so that ov is the corresponding vector attached to the original signal labels.

Proof of Lemma 1

We prove Lemma 1 by showing that, first, there are n™ deterministic mappings {2 — S when
|2| = |S| = n, and second, given these n™ mappings, every column-stochastic matrix IT € P

can be generated by some reviewer distribution A. In particular, we construct A such that
YocoMO) =Tand Y, o AM(0)1{s =v(0,w)} = 7(s | w) for every s € S and w € Q.

Proof. Let f : Q2 — S denote a deterministic mapping, and let 6y be the reviewer type that
implements it, so that v(6;,w) = f(w) for every w € Q. Since each of the n states can be
assigned to one of n signals, there are n™ such deterministic mappings. Because © contains

all deterministic mappings and |O| = n™, the correspondence f + 6; is one-to-one.

Fix an arbitrary information structure Il € P. We construct a distribution over deter-

ministic reviewer types. For each deterministic mapping f, define

Abp) =[] 7(f(w) | w).

weN
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This is the probability of drawing the deterministic map f when, for each state w, a signal
is independently drawn according to the column 7(- | w) of II, and the realized state-signal

assignments coincide with f.

First, A is a probability distribution. Indeed,

DAy =D Mo = > [ o) =] D w(s|w) =1,
fcO Q=S [ Q->Swe wefl seS

where the third equality expands the product over all choices of one signal for each state,

and the last equality follows because each column of II sums to one.

Second, this distribution over reviewer types induces II. Fix any s € S and w € €). Since

f + 0y is one-to-one,

Y AOUs=A0.w)}= > J[() W)

0O fif(w)=sw'eR

On the right-hand side, the restriction f(w) = s fixes the common factor 7(s | w). Factoring

it out gives

ST 1) =as |w) [T Soa(s' | o) = (s | w).

fif(w)=sw'eN w'#w s'eS

Thus the effective information structure induced by A coincides with II. Since II € P was
arbitrary, every information structure can be generated by a distribution over deterministic

reviewer mappings. ]

Proof of Lemma 2

Lemma 2 characterizes the sender’s strategy in a pure-strategy equilibrium of the fiber con-
tinuation game on A(z). We show that, conditional on the receiver’s action rule, the sender’s
hidden-deviation incentive is captured by a linear program on a polyhedral constraint, whose

optimal solutions assign positive mass only to cellwise maximizing reviewer types.
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Proof. Let (\*,a*) be a pure-strategy equilibrium of the fiber continuation game on A(z).
Suppose II(A*) € C,, and let v be the sender value vector induced by a*. Conditional on
a*, the sender’s payoff from any A € A(z) is

(ov) TH Z A ngs
0c0

The constraint 7'\ = z fixes the total mass in each observational cell. Fix the receiver’s

action rule and, therefore, the value vector v. Within each cell ©, the sender’s problem is

> AO)(ov) g,

0cOy

to maximize

subject to

DMO) =z, AMO)=0 V€O
0cOy

If A*(0") > 0 for some ¢ € ©, with
(ov) Hpp, < Ielé%);(av)THst,

shifting a small positive amount of mass from ' to any maximizer ™ € ©; preserves
TA = z, while strictly increasing the sender’s payoff within that cell, and hence her total
expected payoff. This is a profitable unilateral deviation from \*, contradicting the concept

of pure-strategy equilibrium.

Therefore, every reviewer type receiving positive mass in cell £ must maximize (UV)THQpS
within that cell. If two types 6’ and 6" both receive positive mass, both must attain the

same cellwise maximum. The uniqueness claim follows immediately. O]

Proof of Theorem 1

By Definition 3, an information structure II is purely admissible if and only if there exist

a feasible observable statistic z, a reviewer distribution \* € A(z), and an action rule o
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such that (A*, a*) is a pure-strategy equilibrium of the fiber continuation game and 1T =
II(A*) = > peo A*(0)I1p. Theorem 1 connects this equilibrium representation of admissibility
to the geometric representation in the theorem. In the necessity direction, we start from an
associated pure equilibrium (A*, o) and construct the cell weights z;, from the equilibrium
distribution A\*. In the sufficiency direction, we start from the geometric representation,
construct a reviewer distribution \*, and verify that this distribution, together with the

receiver’s selected action rule, forms a pure-strategy equilibrium in the corresponding fiber.

Proof. Fix I € C,, and let v = v(II) be the selected value vector induced by the receiver’s

best response o!! to II. For each cell k, define

M?(v) = ,p..
r(v) arggelgf(w) oDs

For necessity, suppose that II is purely admissible, and let (\*,a!!) be an associated

pure-strategy equilibrium on some fiber A(z) such that IT = II(A*). By Lemma 2,

(0€0,:\(0) >0} CM(v) Vk=1,...,B.

Define the cell weights by z; 1= } g A*(6). For every cell with z; > 0, define the

normalized cell representative

If 2z = 0, choose any element of
co{llp : 0 € M7 (v)},
whose value does not affect the sum. Since {6 € ©; : \*(0) > 0} C M7 (v) for each k,

I, € co{lly : 6 € MZ(v)}.
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Grouping the induced information structure by observational cells gives

B
0co k=1

This proves the necessity of the geometric representation.

Conversely, suppose that there exist z € A({1,..., B}) and matrices
I, € co{lly : 6 € M7 (v)}

such that

B A~
k=1

For each k, choose coefficients ng, > 0, supported on M (v), such that

> nw=1, Iy, = > el
)

9eM? (v) 0eM? (v
Construct a reviewer distribution \* by setting
A(0) = zgngr  for 6 € M7 (v),
and \*(#) = 0 otherwise. By construction,

Z A (0) = 2y for every k,

0cO

so in the reduced representation game, the sender can choose z = (z1, ...

defines a fiber A(z). Moreover,

TA) =Y N (O)Tp =Y 21, =1L

0cO k=1
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It remains to verify that (\*, a!l) is a pure-strategy equilibrium of the fiber continuation
game on A(z). The receiver’s action rule o' is the selected best response to the expected
information structure II = II(A\*). For the sender, consider any alternative X" € A(z). Since
A" has the same cell masses zi, and since A* assigns mass in each cell only to types in M7 (v),

the definition of MY (v) implies

Z N (0)(ov) Tngs < z gngx(av Myps = Z A" (6 ) 'Ly,

0Oy, 0Oy,

Summing over all cells gives
(ov) TII(N)ps < (ov) TTI(A*)ps

Thus the sender has no profitable within-fiber deviation from A*. Therefore (\*,a!!) is a

pure-strategy equilibrium of the fiber continuation game, and II is purely admissible. O

Corollaries to Theorem 1

The analysis of conditions in Theorem 1 generates useful benchmark implications for pure
admissibility. Corollary 1 shows how value ties within observational cells enlarge the selected
faces and therefore weakly expand the purely admissible region. Corollary 2 studies the two
baseline extremes of implementation observability: full observability and complete opacity.
Corollary 4 then considers a non-baseline extension in which the observable statistic is a

general linear message-distribution statistic.

Proof of Corollary 1

Proof. By Theorem 1, the purely admissible region is obtained by taking convex combina-

tions of the cellwise faces
co{lly : 0 € MY (v)}.
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If any tie set MJ(v) expands, the corresponding convex hull weakly expands. Weighted

sums across cells preserve set inclusion, so the purely admissible region weakly expands.

If M7 (v) = Oy for every k, then for any feasible Il = II(\) € C,, define

= > 0.

0cOy,

For z, > 0, set

If zx = 0, choose any ﬁk € co{lly : 0 € ©4}. Then

ﬁk € CO{H@ 10 € @k}

and
B ~
k=1
Theorem 1 implies that II is purely admissible. O

Proof of Corollary 2

Proof. If TA = A, every observational cell is a singleton. Hence, each fiber is a singleton,
and there is no hidden within-fiber deviation. Under the full reviewer space in Lemma 1,
every direct information structure can be generated by some reviewer distributions, so every

direct-persuasion outcome is purely admissible.

If the observability structure is completely opaque, then there is a single observational

cell ©1 = O. Applying Theorem 1 gives

IT € co {He 0 € arg Iglaéc(av(ﬂ))TH(;,ps}.
'e

Now suppose ps € int(A(2)). Let IT be an information structure that induces noncon-
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stant posterior beliefs, and suppose its selected value vector has a unique highest component.
Let s* be the signal associated with this unique highest value. For any deterministic reviewer
type 0,

(ov(IT) 'Tgps = > _ pa(w) )y (00)5

we
where the subscript of (ov(Il)),(g.w) denotes the component associated with the signal
(0, w). Because py has full support and s* is uniquely highest, this expression is uniquely

maximized by the constant mapping
Y0, w) = s Yw € (),

which corresponds to an uninformative information structure that induces constant posterior
beliefs. In this case, any information structure inducing nonconstant posterior beliefs would
have a profitable hidden deviation to this constant mapping and cannot be purely admissible,
according to Theorem 1 and Definition 3. Therefore, every purely admissible outcome is

equivalent to cheap talk. O

Message-Distribution Observability

The pure-admissibility framework can also reproduce the state-independent result in Lin
and Liu (2024) once the observability statistic is allowed to be a general linear statistic.
This exercise is useful because it clarifies why the two papers focus on different mechanisms

and therefore reach different conclusions.

Corollary 4 (Lin and Liu, 2024). Fiz the sender’s prior ps € A(Q2). In the full reviewer
space, allow the observability statistic to be a general linear statistic, and define TH € R "
by

: Zps )To(sk | w), kE=1,...,n.

we

Then, for every reviewer distribution A\ € A(O),

TEEN = TI(\)p,
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Thus, the T**-fiber consists of all implementations that induce the same signal marginal
under ps. If the sender’s payoff is state independent, her payoff from any fized receiver
action rule is constant on each T™“-fiber. Message-distribution observability is therefore

nonrestrictive for pure admissibility in the state-independent case.

Proof of Corollary 4. For any reviewer distribution A € A(O), the effective information
structure is IT, := II(A) = > y.g A(0)ly. Therefore, for each s € S = {s1,...,5,} and
w € Q,

m(sk | w) = Z)\ (0)mo(sk | w).

0cO

The probability of signal s; under this effective information structure and prior p; is

> p@) D MOma(se | w) =D MO) Y pu(w)molsi | w),

weQ 6co 6c0 weQ
which, by the definition of T*", equals 3", o T A(0).

Under II()\) and p;, the k-th component of THL ) is exactly the probability of signal sy.

Therefore,
TN = TI(\)ps

Since the receiver observes only 7%\, the hidden-deviation set generated by this statistic
is the TLE-fiber. Now fix the receiver’s action rule a(-) : S — A. Since the sender’s payoff

is state independent, her expected payoff under implementation A, holding a(-) fixed, is

n n

S va(si) S pa@)malse | w) = 3 vlals) TN

k=1 we k=1
Therefore, if X lies in the same T™'-fiber as )\, then
TLL)\/ — TLL)\

and the sender obtains the same expected payoff from A" and A, holding the receiver’s action
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rule fixed. Hence the sender has no profitable hidden deviation within a T**-fiber. O

Although Corollary 4 technically reproduces Lin and Liu’s observability primitive, this
representation should not be read as saying that message-distribution observability is a spe-
cial case of the baseline observability structure in this paper. In our mapping-management
model, T"is a 0-1 matrix that partitions reviewer mappings into observable cells. The statis-
tic z = T'\ is therefore a coarse description of the implementation distribution. By contrast,
TEEN is the signal marginal under p, generated by the induced experiment. It is a linear

statistic of the implementation distribution, but it is not a partition of reviewer types.

This difference is exactly why the two models have different implications under state-
independent sender payoffs. Under implementation observability in our paper, a hidden
deviation within a fiber, implemented by substituting reviewer types inside observable cells,
may change the payoff-relevant signal marginal. The sender may therefore strictly prefer
a different implementation with the same observed statistic if it increases the probability
of a higher-value signal. This reflects the mismatch between the observed implementation
statistic and the payoff-relevant signal marginal. By contrast, under message-distribution
observability, the fiber itself fixes the signal marginal, so the sender’s expected payoff from
any fixed receiver action rule is unchanged within the fiber.!® In this case, the statistic
TEEX maps every implementation directly into the payoff-relevant message marginal. This
alignment neutralizes the mismatch that underlies the commitment problem in our paper.
Technically, the T*-fiber as a feasible deviation set lies inside the sender’s indifference set

once the receiver’s action rule fixes the value vector.

This becomes clearer in the binary case. Write

r=7(s | wi), y = 7(s2 | wa), p = ps(w1).

The probability of signal s, under p; is mg = pz + (1 — p)y. Thus, for a fixed observed value

13With a common prior, 7% ) is exactly the final message distribution and the relevant finding in Lin and
Liu (2024) is reproduced. With heterogeneous subjective priors, if the receiver observes a signal marginal
under p, while the sender evaluates payoffs under p,, the sender may be able to change the payoff-relevant
signal marginal under ps while preserving the receiver’s observational statistic under p,.. Then a commitment
problem may reappear even with state-independent sender payoffs.
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of mo, a message-distribution fiber is the line
pr+ (1 —p)y = mo.
For a fixed receiver action rule, the sender’s payoff is
(1 —mz)v(a(s1)) + mov(a(sz)),

which depends on (z,y) only through ms, and is therefore constant along this line. In
the binary square, the message-distribution fiber graphically coincides with the sender’s
indifference curve. This illustrates why, under state-independent sender payoffs, message-

distribution observability makes pure admissibility nonrestrictive.

Proof of Proposition 1

Proposition 1 decomposes the purely admissible region into a finite union of candidate
regions. FEach candidate region fixes a canonical signal ordering and a candidate set of
cellwise sender-maximizing reviewer types, and then applies the geometric condition in
Theorem 1. This perspective is more effective than screening the whole strategy space

pointwise and will be useful for the binary characterization in Proposition 2.

Therefore, in the proof, we aim to show that any purely admissible point falls within the
set defined in the proposition and that any point within this set is purely admissible by the

geometric condition in Theorem 1.

Proof. To simplify the expression in the proof, for each G = (G1,...,Gg) €  and 0 € X,
define

Re, = {H € C, : (ov(I)) Tgps > (ov(I1) Typ,, VO € Gy, V' € Oy, sz}.
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The expression in the proposition is

U U [Beo Neoflly - 0 € UG}

GeB oeX

Suppose first that II is purely admissible. By Theorem 1,

B
1= 2, where II € coflly:0 € M7 (v(II)}.

k=1

For each k with z; > 0, choose a nonempty set Gy, C M7 (v(II)) containing the support

of some convex representation of ﬁk For each k with z; = 0, choose any nonempty subset

Gr C MZ(v(Il)). Then G = (Gy,...,Gp) € &, Il € Rg,, and
II e CO{H@ NS Uka}

Thus, every purely admissible II belongs to the union.

Conversely, suppose that II belongs to one of the sets in the union. Then II € C,,
and there exist coefficients 1y > 0, supported on UpGj, such that Zeeuka tp = 1 and
II= Zeeuka tplly. For each cell, set z;, := ZeeGk tg. If z;, > 0, define ﬁk = ZeeGk :_ZHQ.
If z;, = 0, choose any I, € co{lly : 0 € Gi}. Then

B
I1= szﬁk, where ﬁk € co{lly : 0 € G }.

k=1

Since II € R¢,, every 0 € Gy, is a maximizer in cell k, so
G C M7 (v(ID)).

Therefore

I, € co{Ily : 6 € M7 (v(II))}.

Theorem 1 implies that II is purely admissible. O
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Proof of Proposition 2

Proof. For simplicity, let
ri=7(s2 |wi),  yi=m(s2 | wa)

in the proof. The four reviewer types correspond to the four vertices

Po, = (07 1)7 Po, = (LO)’ Pos = (070)7 P, = (17 1)'

The receiver observes A(0;) and A(fy) separately and observes only A(63) + A(64). Hence,
the only nontrivial hidden substitution is inside the cell {65, 6,}.

Suppose first that x < y. Then signal s, is more likely in state wo than in state wj.
In the canonical labeling, s, is the signal favoring ws, so the sender value after s, is vo,
while the sender value after s; is v;. Type 65 always sends s;, and type 6, always sends s,.
According to Lemma 2, 6, is selected within the pooled cell if and only if v > v, and 65 is

selected if and only if v; > vs.

If 0, is selected, the admissible convex hull is generated by
0,1), (1,0), (1,1),
which is the triangle z +y > 1. If 5 is selected, the admissible convex hull is generated by
(0,1), (1,0), (0,0,
which is the triangle z + y < 1. Thus when z < y, admissibility is equivalent to

(v —wv)(z+y—1)>0.

Now suppose x > y. Then signal sy favors wq, so the value after sy is v1, while the value

after s; is vo. Hence 6, is selected if and only if vy > vy, and 65 is selected if and only if
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vo > v1. The same triangle argument gives admissibility if and only if
(v —wv)(z+y—1)<0.

On the diagonal x = y, the experiment is uninformative, so the two signals induce the same
posterior and the same selected sender value. It is therefore purely admissible by the tie
argument in Corollary 1. Substituting back x = 7(sy | wy) and y = 7(se | wy) gives the

result. O

Proof of Theorem 2

In this proof of Theorem 2, we aim to show that first, under conditions in the theorem,
the continuation game in the fiber has mixed-strategy equilibria if there is no pure-strategy
equilibrium. Second, assuming that the receiver’s payoff is affine in the sender’s experiment,
any mixed-strategy equilibrium can be converted into an equilibrium in which the sender

uses the barycenter experiment as a pure strategy.

Proof. Fix a feasible z with nonempty P(z). Since © is finite, A(O) is a simplex. Thus,
A(z) = {X € A(O) : TA = z} is the intersection of this simplex with linear equalities, and is
therefore a compact convex polytope. As the affine image of A(z), P(z) is also nonempty,

compact, and convex.

Consider the mixed extension of the fiber continuation game. The sender’s pure strategy
space can be taken to be P(z), and the receiver’s pure strategy space is the finite set A%,
given that A and S are finite. Since U(II, «) is affine in II, it is continuous. The sender’s
payoff from a fixed action rule is also affine in II. If v(«) denotes the value vector attached to
the original signal labels, the payoff is V() "IIp,. Thus, by the standard existence theorem

for compact-continuous games, the mixed extension has a Nash equilibrium.

Let (u*,7*) be such an equilibrium, where p* € A(P(z)) is the sender’s mixed strategy
and 7* € A(A®) is the receiver’s mixed strategy. Starting from this equilibrium, we construct

another equilibrium on the same fiber in which the sender uses a pure experiment I1¥ € P(z)
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and the receiver uses the same mixture 7.

Let
I ;:/ IT o* (dIT)
P(2)

be the barycenter of the sender’s equilibrium mixed strategy. Since P(z) is convex, I1F €
P(z). We first show that
supp 7+ C BR,(IT¥).

For any action rule «,

/m) U(IL a) p*(dll) = U (/P(Z)Hu*(dn),a) — U(IIE, ),

where the first equality uses affineness of U in II. Hence, a receiver action rule is a best
response to the sender’s mixed strategy p* if and only if it is a best response to the barycenter

I1Z. Since 7* is a receiver best response to u*, its support is contained in BR,(I1¥).

Then, we show that IT¥ is the sender’s best response to the receiver’s strategy 7. Let o
indicate the canonical region containing IT¥. In the notation of the theorem, v(a) = ov(a),

and therefore v(7*) = ov(7*). Given 7%, the sender’s payoff from I € P(z) is
(ov(7%)) Tips.

Because p* is a sender best response to 7, every experiment in the support of ©* maximizes
this affine functional over P(z). The maximizer set of an affine function over a compact
convex set is an exposed face, hence convex. Therefore the barycenter II¥ also belongs to

this maximizer face.

Finally, we show that II¥ is sustainable in the indirect persuasion environment. That is,
it can be generated by convex combinations of the sender-favored reviewer mappings within

each observational cell under the value vector supported by 7*. Because
B

'P(z) = sz CO{H@ 10 e @k}7

k=1
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and that the objective (ov(7*)) Ilp, is affine in II, maximizing (ov(7*))IIp, over P(z)
decomposes cell by cell. Within each cell k, the affine objective is maximized on the convex

hull of the reviewer types that attain the highest cellwise score. Therefore,

B
1N ;zk co {Hg 10 € arg grel%f(m_/(T*))THst}.

It remains to show that 7* is nondegenerate. If 7% were concentrated on a single action
rule o, then o € BR,(TT¥), and TT¥ would be a sender best response to a on the fiber. Thus
(IT¥, o) would be a pure-strategy equilibrium of the fiber continuation game, contradicting
the maintained assumption that no pure-strategy equilibrium exists. Therefore 7* is non-
degenerate. Since A° is finite, nondegeneracy of 7* means |supp 7*| > 2. Combined with
supp 7* C BR,(IT¥), this verifies that II¥ is supported by receiver mixing on an indifference

set, as required by expected admissibility. O

Proof of Theorem 3

Proof. Fix the fiber P(z), a candidate information structure II € P(z), and the receiver’s
best-response set BR,(II). For each receiver action rule a € BR,(II), the score vector
ula) = <(Jv(a))Tﬁ1ps, ce (av(a))TﬁKps> records the sender’s payoff from choosing each
extreme point of the fiber, holding the receiver’s action rule fixed. A receiver mixture
supported on BR,(II) induces a convex combination of these score vectors. The set of all

score vectors that can be generated by receiver mixtures over best responses to II is

C(II) := co{u(a) : « € BR,(I1)}.

For a nonempty set ® C {1,..., K}, the sender is willing to choose any experiment in
the face
co{ﬁj 1j € d}

whenever the extreme points in ® are tied for the highest score and all excluded extreme
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points receive weakly lower scores. Fix a nonempty ® C {1,..., K} such that I € co{ﬁj :

j € ®}, which is Condition (IN). Define the corresponding selection cone in score space by
Dy={zeR" :q;=a; >z, foralli,j € ®, (¢ d}.
A receiver mixture can make the face ® sender-optimal if and only if
C(Il) N Dy # @,

Since C'(II) is compact and convex and Dg is a closed convex cone, the separating hyperplane

theorem implies that C(IT) N Dg # @ if and only if there is no vector 3 € RX such that

Bz >0 Vo e (), BTy <0 Vy € De.

The second part of this separation condition is exactly what the polar cone records. The

polar cone of Dg is
Dy={BeR*:B"1=0and B, >0V ¢ O}.

Indeed, any x € Dg can be written as x = ¢1 + ¢, where ¢; = 0 for i € ® and ¢, < 0 for
¢ ¢ ®. The inequality 8"z < 0 for all such x is equivalent to 371 =0 and 3, > 0 for every
non-selected ¢. Therefore, C'(II) N Dg # @ if and only if there is no g € Dg such that

Bz >0  VzeC).

Since C(II) is the convex hull of {u(a) : a € BR,(II)}, and 87z is linear in x, the
condition "2 > 0 for every z € C(II) is equivalent to 3" u(a) > 0 for every a € BR,.(II).

The above condition is therefore equivalent to

. T < O
cemin B ple) <
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for every [ satisfying
51 =0, Be>0 V¢,

which is exactly condition (SB). Since we have established the equivalence between C(IT) N
D¢ # @ and Condition (SB), the proof remains to translate this geometric condition back

into equilibrium.

Condition (IN) states that I lies in the convex hull of the selected extreme points. Con-
dition (SB), by the argument above, is equivalent to the existence of a receiver mixture over
BR,(II) whose induced score vector makes those selected extreme points sender-optimal.
Therefore, II is sustained as an equilibrium outcome of the fiber continuation game. Con-
versely, if II is sustained as an equilibrium outcome, take the receiver mixture that supports
it and let ® be the set of extreme points that are sender-optimal under the induced score
vector and whose convex hull contains II. Then (IN) holds by construction, and the induced

score vector lies in C'(II) N Dg, which is equivalent to (SB).

Under the maintained premise that the fiber has no pure-strategy equilibrium, any re-
ceiver mixture that sustains such a Il cannot be degenerate. Otherwise, if the mixture were
concentrated on a single action rule a € BR,(II), the same argument would make (II, ) a
pure-strategy equilibrium on the fiber. Hence, any II satisfying (IN) and (SB) is expectedly
admissible on the fiber. This completes the proof of Theorem 3. O

Proof of Corollary 3
Proof. Let m* := II*ps be the signal distribution induced by II*. By the full-support as-
sumption, the probability of signal s m? is positive for every signal.

Since 7* is supported on BR,.(II*), every action rule o € supp7* is a receiver best
response to II*. For each signal s, the sender-favorable value vector v(II*) selects a receiver

best response that gives the sender the highest value after that signal. Hence,

vs(ar) < wg(IT%) Vs, Vo €suppt”.
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Averaging over 7 gives
0s(7") < v, (1IT7) Vs.

Therefore,
(0v(77) '*p, < (ov(I1%)) 'TT*p,.

It remains to show that the inequality is strict. Suppose, toward a contradiction, that
equality holds. Since o only relabels signals and m* = II*p, has full support, the compo-

nentwise inequalities above can average to equality only if
Us(7") = v, (I17) Vs.

Since v,(7*) is an average of values weakly below v,(I1*), this implies that every action rule

in supp 7* gives the sender the selected sender-favorable value after every signal:
vs(a) = v, (IT7) Vs, Vo € suppTt’.
Choose any & € supp 7*. Then by the definition of 7*, @ € BR,(IT*) and therefore

v(a) = v(IT*) = v(77).

Because II* is expectedly admissible supported by 7*, it is a sender best response on
its fiber under the expected value vector v(7*). Since v(a) = v(7*), the same sender-
best-response condition holds under the pure receiver action rule @. By the concept of
equilibrium in a static game, (IT*, @) is a pure-strategy equilibrium of the fiber continuation
game. Equivalently, IT* is purely admissible on the fiber. This contradicts the hypothesis
that II* is not purely admissible by Definition 3. Therefore,

(ov(7*)) ' I*ps < (ov(IT%)) " TT*p,.
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Proof of Theorem 4

To prove Theorem 4, we construct a class of n” —(n—1)" deterministic 0-1 column-stochastic
matrices representing different reviewer types, and a class of information structures inside
the n x n column-stochastic experiment space. We then show that (a) every information
structure in this class can be represented as a convex combination of these n™ — (n — 1)”

vertex matrices, and (b) this class contains a proper fundamental region.
Proof. Fix the designated signal s;. Let
o = {0 € ©:4(0,w) = s; for at least one w € 2}.

When || = |S| = n, there are n" deterministic mappings from €2 to S. The mappings that
never use s; choose one of the remaining n — 1 signals in each of the n states. There are
therefore (n — 1) such mappings. These are exactly the mappings excluded from @%, SO we

have
07| =n" — (n— 1)

Define a class of information structures
P%:{HEP:ZW(Sg]wj)Zl}-
j=1
It is the intersection of the polytope P with a closed halfspace, which is therefore a polytope.

We immediately have co{lly : § € @%} - 77%, since every vertex Iy induced by 6 € o
uses s; in at least one column and therefore satisfies the defining inequality. For the reverse
inclusion P’ C co{lly : 6 € O}, take any X € P'. Let
= X’:

J - 7"

By definition, ) jxy 2> L We construct a random deterministic mapping that uses s; at

least once and whose column marginals equal X.
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Choose Y ~ Unif|0, 1]. Place intervals A; C [0, 1] of lengths |A;| = x; consecutively on

the unit circle. Since ), ; > 1, their union covers [0, 1]. Let

Then Pr(f/; =1) =z, and Pr(3j : [; =1) = L.

Define a random deterministic mapping F': 2 — S as follows. If [; = 1, set F(w;) = s;.
If I; =0, choose F(w;) = s; # s; with conditional probability

X
1—1’]"

Pr(F(wj) = s [ I; =0) =

When z; = 1, the event I; = 0 has probability zero, so the conditional rule is irrelevant.
For the designated signal,

Pr(F(wj)=s;) =Pr(l; =1) =z; = X; .

For i # i,
Xij
1—Ij_

Pr(F(w;) = s;) = Pr(f; = 0)

Thus, the random deterministic response matrix induced by F, whose (i,j)-entry is
1{F(w;) = s;}, has expectation X. Moreover, since Pr(3j : I; = 1) = 1, every realized F’
uses s; at least once. Hence X is a convex combination of deterministic matrices induced

by ©'. Since X is defined as an arbitrary element of P?, this proves P C co{Il, : § € O},

Because both P' C co{lly : § € ©'} and cofIly : § € ©'} C P are true, we have
P = co{lly : 6 € @%}.

Since the right-hand side is the convex hull of deterministic vertices that are also vertices

of P, the vertices of P are exactly the deterministic response matrices induced by <3

It remains to show that a proper fundamental region lies inside Pi. For any II € P, the
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row sums satisfy
n n

Z 7(si |wj) =n.

i=1 j=1
Therefore, some row has sum at least 1. Relabel signals so that this row becomes s;. The
relabeled experiment belongs to P, Selecting one representative from each relabeling class,
using a fixed rule when ties arise, gives a proper fundamental region D C Pi. Since every
element of P! is implementable using @%, every Il € D is implementable using only reviewer

types in <3 n

Proof of Proposition 3

Proof. As in the proof of Proposition 2, let

93=7T(82 |w1), ?/:W(Sz |W2)-

The four deterministic reviewer types are the vertices
Po, = (07 1)7 Po, = (LO)? Pos = (an)a Poy = (17 1)

First, suppose that the designer knows a labeled representative II = (z,y) of the target
outcome. A three-cell observability structure pools one pair of vertices and leaves the other
two vertices as singleton cells. If the pooled pair consists of two adjacent vertices, the robust
admissible region is the intersection of the two triangles obtained by selecting either member

of the pooled pair. The four adjacent pooled pairs generate following four regions
{y>z, 2+y>1}, {y2z, 2+y<1}, {y<z,z+y>1}, {y<z, z+y<1}h

These four regions cover the square as the full space of the binary case. Hence, for any labeled
target (x,y), the designer can choose a pooled adjacent pair whose robust admissible region

contains (z,y). Then II' is purely admissible.

Now suppose that the labeled target is not known, but the relevant value ranking is
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known. Consider the case v; > v, which is symmetric to the other case. Choose the three-
cell structure that pools 0, with 65 and leaves 6, and 6, as singleton cells. If x < y, signal
s9 favors wy, so the value after s; is v; and the value after s, is v9. In the pooled cell, 63 is

weakly preferred to #,. The selected hull is

c0{(0,0), (0,1), (1,1)},

which is the region y > x. Thus the entire canonical region x < y is admissible. Since every
persuasion outcome has a representative in this canonical region after signal relabeling, the
target outcome is sustained up to relabeling. The case vy > vy follows by the symmetric

construction. O

Proof of Theorem 5

The disagreement set characterizing states where two reviewer types send different signals
is the central building block for the proof of Theorem 5. We first show in a pairwise lemma
that the sender’s preference between two reviewer types is robust to variation in her prior
belief if and only if the ordered pair of signals sent by these two types is the same at
every disagreement state.!* Based on this lemma, we use two reviewer types with a largest

disagreement set to characterize the reviewer subfamilies that ensure p,-robustness.

We first prove the key lemma. For #',0"” € O, define

D(¢,0") = {w e Q:v(0,w) #~(0",w)}.

Lemma A.1. For any two types 0',0", the expression

v (Tly — Hgn)ps

4Here, “ordered” refers to which type sends which signal. For example, (a,b) means that on the same
state, the first type sends a and the second type sends b. Therefore, (a,b) and (b, a) are different ordered
pairs.
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does not change sign as ps varies over A(Y), for every fized signal-value vector v, if and only
if all states in D(0',0") carry the same ordered signal pair. Equivalently, either D(0',0") =
&, or there exist distinct signals a,b € S such that

(0, w) = a, y(0" w)=b Ywe D(@,0").

Proof of Lemma A.1. If D(0',0") = @, then Iy = Ilps, and the expression is identically
zero. Hence suppose D(0',0") # @. With this supposition, if the structure in Lemma A.1
holds, then

VT(HG’ - HG”)ps = (Ua - Ub) Z ps(w)'

weD(9',6")
The sign of this comparison is determined by (va — vp), not by > e gny Ps(w). Hence,

this sign cannot reverse as p, varies.

The converse can be proved by contradiction. If there are two disagreement states wp, wq

with different ordered signal pairs

(/7(9/7("}0)7’7(9”7(")0)) = (a7b)’ (V(QI’wl)”y(eﬂawl)) = (Ca d)v

where (a, b) # (¢, d), then for certain value vectors, such as v = (e, — e,) — (€. — €4), where

es is the standard unit vector corresponding to signal s, we have
Vg — Uy > 0, Ve — Ug < 0.

The strict inequalities follow because (a,b) # (¢, d) implies e, — e, # €. — eq4.

In this case, putting all prior mass on wy or on w; reverses the sign, which creates a
contradiction. Therefore, all disagreement states have the same ordered signal pair. This

proves Lemma A.1. n
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Proof of Theorem 5. Now suppose O satisfies universal ps-robustness. If all types in O are
identical, take O=0 , and the result is immediate. Otherwise, choose 6,6 € O such that
|D(8, 0)| is maximal. Define Q= D(6,0). By Lemma A.1, after naming two signals s~ and
sT, we may write

v(0,w) =s", v(0,w) =sT VweQ,

and
Y(w) =78, w) =v(0,w) VweQ\ Q.

We first claim that every type 6 € ) agrees with 7 on Q '\ Q. Suppose not. Then for

some state z ¢ €,

(0, x) # 5(x).

Since both @ and @ send 7(x) at x, the ordered disagreement pair between 6 and each of

these two types at z is (y(0, z),¥(x)).

Apply Lemma A.1 to (6,6). On Q, 0 always sends s—. Therefore, if 6 disagrees with 6§ at
any state in €, the ordered signal pair there must also be (y(6,z),5(z)), which is possible
only if ¥(z) = s7. If ¥(x) # s, 6 must agree with 6 on all of Q. Similarly, apply Lemma
A.1to (0,0). Because 6 always sends s* on Q, if 3(x) # s, then § must agree with 6 on
all of Q. Since s~ # s, the signal 5(z) cannot be equal to both. If 5(z) ¢ {s~, s}, then
6 would have to agree with both @ and 6 on all of Q, which is impossible because these two
types disagree on every state in 2. This impossibility implies 3(z) € {s7,s"}. Equivalently,
6 must agree with @ or #, but not both, on all Q.

However, 5(z) € {s~,s*} is also impossible under the definition of | D(8, )|. If ¥(z) = s~
so that 7(x) # s, @ must agree with 6 on all of Q). That is, 6 disagrees with 6 not only on all
of O, but also at 2 € Q\ €. This contradicts the definition that |D(6, 8)| is maximal because
now |D(0,0)| > |D(0,0)|. The case J(x) = s* is symmetric. Because of this contradiction,
there is no x such that v(0,z) # 7(x), which proves our first claim that every type in )
agrees with 4 outside Q.

Fix any 6 € O. Since all types agree with 4 outside (2, all disagreements between 6 and

the two extreme types occur inside Q. Compare 6 with §. Since 6 sends s~ on every state in
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Q, Lemma A.1 implies that whenever 6 differs from 6, # must send the same signal across all
such disagreement states. Call this signal ¢y with ¢y = s~ if there is no such disagreement.

We therefore have
v(0,w) € {s,co} Yw € Q.

Similarly, comparing # with #, and using that @ sends s* on every state in Q, there is a

signal dg, with dg = s™ if there is no such disagreement, such that

¥(0,w) € {s*,dp} Yw € Q.

Thus the set of signals used by 6 on € is contained in both {s™, ¢s} and {s*,dy}. If 6
uses only one signal on (NZ, then it is constant on (2. If it uses two signals, then the two sets
above must coincide. Since one contains s~ and the other contains s*, this can happen only
when the two signals are exactly s~ and s*. Therefore every type either is constant on Q,

or uses only the two signals s~ and s* on Q.

If some type is constant on Q at a signal not in {s™,s™}, then every type must be
constant on Q. If not every type is constant on Q, then by the preceding classification
there must be a type that uses both s and s~. Comparing that constant type with a type
using both s and s~ would produce two different ordered disagreement pairs, one where
the latter sends s, and another where it sends s~ on states in ﬁ, which contradicts Lemma

A.1. Hence, case (b) in the theorem holds.

In the other case, all types use only s™ and s~ on Q. Define
Q={weQ:y0,w)=s")
If two sets 2y and €y~ crossed, there would exist
w € Qg \ Qor, W' e Qo \ Qor.

Then
(7(9,7 w)v ’7(9”7 w)) = (8+7 3_)7
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whereas
(/7(0/’ w,)v ’7(0”7 w,)) = (3_7 5+)7

contradicting Lemma A.1. Thus, the family {2}, g is totally ordered by inclusion, and
case (a) holds.

The converse is immediate. If case (a) holds, then for any two types, nestedness implies

that all disagreement states have the same ordered pair, either (s*,s7) or (s7, s1). Therefore
v (Ty — gn)ps

is equal to £(ver — vs-) X e o Ps(w). 1f case (b) holds, any two types differ only by
constant signals (s, sg) on €, so the same expression is (v, o~ Usgr) 2we Ps(w). In both
cases, ps only changes a weakly nonnegative scalar multiplying a fixed value difference, so

the sign cannot reverse with ps. This proves universal ps-robustness. O
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